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INTRODUCTION. 


The present is the third paperin the series based upon the collection 
belonging to the United States National Museum. 

The other two papers treated of the Argulidæ and were published, 
the first in Volume XXV, and the second in Volume XXVI of these 
Proceedings. Acknowledgment was made in them of valuable assist- 
ance received from various sources, particularly from the United 
States Bureau of Fisheries. That assistance concerned the present 
family even more than the Argulidæ, and the author feels that any 
suecess Which may haye been attained in working out the habits and 
life histories is due almost entirely to the courtesy and assistance 
extended by the Dureau of Fisheries, 

Additional sources of material will be found mentioned under the 
historical summary (p. 482). 

This second family, the Culigidie, includes about thirty genera, 
which separate naturaily into eronps differing as much in their habits 
as in their morphology. and thus constituting well-marked divisions. 
(See Kev on p. 532). 

The genera here treated include all of the first group, the Caligine, 
which have thus far been found in North American waters, and five 
species, including one which is the type of a new genus, from foreign 
localities. The North American species are twenty-three in number, 
of which thirteen are new, namely: (gus rufmaculatus, C. schistonye, 
C. mntabilis. C, alinncus, C. chelifer, C. latifrons, €. bonito, Caligodes 
megacephalus, Lepeophtheieus longipes, Le edwardsi, L. dissimulatus, 
L. parviventris, L. bifurcatus. 

Of the five non-American species included in the Museum collection 
four are new to science, namely, Cud/qus feres, from Lota, Chile; Lepe- 
ophtheirus innominatus, from Cornwall, England; Lepeophtheirus 
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chilensis, from Lota, Chile; and /Zomootes palliata. the type of a new 
venus, locality unknown, 

In addition to these seventeen new species the present paper gives 
for the first time the development stages of two species. Cu/igus rapar 
and (CL eurtisz almost the entire anatomy of a third, Achetus typiens 
Króyer, while it corrects or largely supplements the anatomical 
details and veetifies the systematic position of seven other species, 
Caligus pelamydis Kroyer, C. productis Dana, €. thymui Dana. Lepe- 
ophtheiius thompsoni Baird. L. salmonis Kroyer, L. pacificus Gissler, 
and Culigus ecntrodont? Baird, the last à non-American species. 

Here also are presented for the first time a comparative anatomy of 
the different species of Cuffgus and Lepeophtheirus, and artificial keys 
for the determination of all known species under the several genera. 
In the development are given for the first time figures of a metanau- 
plius and the details of its anatomy. Aud there is introduced the first 
continuous life history of any species helonging to the family. together 
with à conpatison of the life histories of several species and at least 
two generi. 

This subfamily, the Caliginwe. is particularly interesting because the 
genus Coligus, which is the type of the entire family. is one of the 
oldest among the parasitie copepods and formerly included. many 
species which are now referred to other genera. Among these were 
some which resembled the true Cuzgrs very closely, except that they 
lacked the lnnules or sucking disks on the frontal plates, From these 
Van Nordmann created the genus Leprophtherras in 1832. but it was 
not generally aceepted at first, and the species of both genera continued 
to be included under Ca//gus by many authors up to the appearance of 
Kréyer’s excellent memoir in 1563. 

The genns claeeetes also was first placed by Kollar under (uliyus 
in the collection of the Vienna Museum. Like Lepeophtheirus it laeks 
the Innules on the frontal plates; and hence Kröver. who was the first 
to publish a description of the species, classified it as a Lepeophtheirus, 
and it was not until L865 that it was established as a distinct genus by 
Heller. i 

Of the other two genera, one, Cul/godes, is simply a Culzgos with 
the free segment. elongated. into a neek and the genital segment and 
abdomen modified slightly, while the appendages are identical in the 
two. The other genus is the new one Hoinoiotes, rad ditters only in 
having the genital segment covered with a dorsal plate. Tt has not 
thus far been found in North American waters, but there is every 
probability that it will he at some future time. 

These genera ave very closely related to one another therefore. and 
since both the males and females of all except Cad/qodes can swim about 
freely they furnish an excellent group to contrast with the AXrgnlidie 
on the one side and the Pandarinz on the other. The Areulide are 


NO. H01. PARASITIC COPEPODS-—CALIGID.E—WILSON. 451 


practically nondegenerate, while the Pandiarinw are very evidently 
degenerate; this group therefore forms a connecting link between 
the two and enables us to discover and entphasize the initiatory steps 
in degeneration. 

They thus possess the greatest possible ecological interest, and a care- 
ful study of their habits and mode of life can not fail to yield valuable 
facts and suggestions. 


HISTORICAL. 


The first accounts that enn be referred. to these genera with any 
degree of certainty ure those of Gunner (1765). Stroem (1162). and 
Baster (1765). They deseribe und figure some parasites which they 
call fish Hee, bnt evidently they entirely mistook the nature of the ani- 
mals, since they regarded the ceg strings us antennæ and printed their 
figures upside down. 

But the figures were accurate enough to show that these were really 
parasitic copepods belonging to the family under discussion, Miller 
in 1776 showed that these “antenne were ege strings, and he also 
found and deseribed the true antenne, But he blundered in regard 
to the eyes as badly as his predecessors had done in regard to the anten- 
me, mistaking for them the sucking disks on the frontal plates and fail- 
ing entirely to find the true exes. Hence he introduced bis specimens 
under the genus mune Z/iocilis, a name which survived for many 
years. Slabber (1778) deseribed and pictured one of the Caligine 
under the name Oy/seus l'itosisz he also delineated: the antennie and 
manuy of the otherappendages correctly and his figure is right side ap. 
Müller in a second paper (1755) corrected his previous error by dis- 
covering that the sucking disks were not eves. He then realized that 
these copepods could no longer be classed in the heterogeneous group 
known as Binocnlus, and accordingly founded for them the genus 
Caliqus. 

But again he blundered, for the very name ^ tells us that he did not 
find the true eyes, but considered these parasites to be blind. 

Stroent (L762) was the first to study the habits of the genera from 
living specimens, and he has given us many interesting observations. 
A few additional data have been given by Leach (1513-14). Latmarek 
(1818), Johnston (1824), Desmarest (1525). Burmeister (1533). Rathke 
(1843), Baird (1850), Krover (1863), Heller. (1865). Claus (1875). 
Hesse (1817. 1883), and T. Scott (1894, 1900), 

But although this list of names looks quite formidable they have 
really eiven us almost nothing upon the habits and development of 
the group. Johnston established for the first time the external diiler- 
ences in the sexes of Cu//qus by describing in detail a male and a 
female of Caligus enrtus from the cod. 


« Caligus, from caligo, a medieal terni for blindness or weakness of the eyes. 
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But the life history was so little known up to 1552 that one of the 
developmental stages, the chalimus stage, was regarded as an entirely 
distinet genus, and several species were described by various authors. 
F. Müller (1852) and Hesse (1877), however. explained the chialtinus 
correctly, and recently A. Scott (1901) has given a brief life history 
of Lepeophtheirus pectoralis, in which the ehalimus was still. further 
explained. But Scott states plainly that he has not worked out the 
changes which take place in the developing embryo, xo that we are 
still left with only a general knowledge of the metanrorphoses and 
without a single authentic life history. 

The work of American authors upon these genera is somewhat 
superior both in quality and quantity to that upon the Argulidie. 

Thomas Say, in bis account of the Crustacea of the United States, 
published in the Journal of the Academy of Natural Sciences at Phila- 
delphia in ISLS, mentions two parasitic copepods, Pandarus sinnatis, 
found on the dogtish, and another which he calls Znoceulus eaudatus 
on CulHiundasse, the latter being evidently a species of Culigus, Fol- 
lowing him came an admirable monograph by Dana and Pickering 
(1838) upon Caligus americanus (= €. curiis), which was the best 
account of a single species published up to that date and which 
remained without a rival until Scott’s memoir just mentioned (1901). 
The subsequent American papers eame at considerable intervals. 
Dana published several, which were entirely systematic. from 1543 to 
1856. Smith in 1874 recorded all the species found in Vineyard Sound 
and adjacent waters, while Rathbun gave (1854) an annotated list of 
the species found in American waters, and in 1887 deseribed a new 
species of Zreb/us from Vineyard Sound, And. yet out of more than 
100 species belonging to the genera here considered only 7 have been 
reported from North America and 6 from the West Indies. lt is 
time, therefore, that the lists were thoroughly revised. for these 
parasites are as common upon the fishes of our own coast as they are 
in European waters. 

The following account is drawn from all the sources here mentioned 
aad many other published papers; from the records of the United 
States Bureau of Fisheries: from manuscript notes by R. R. Gurley on 
The Vermine and Crustacean Parasites of Fresh-Water Fishes; from 
very valuable manuscript notes and drawings by Richard Rathbun, 
J. H. Emerton, J. IT. Blake, and S. I. Smith all of which were kindly 
turned over to the author by Mr. Rathbun; and last of all from the 
author's own personal investigations extending over several years. 


ECOLOGY, 


Advancing from a study of the Argnlidæ to that of Celigus and its 
associates the first thing to be noted, since it is the key to most of the 
changes we meet, is the fact that the female of these species carries 
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her eges about with her like most of the copepods. This habit neces- 
sitates several departures from the conditions found existing among 
the Argulidie. 

In the first place we must look fora greater difference between the 
sexes both in their morphology and m their habits. 

The genital segment of the female is considerably larger than that 
of the male, and usually the first antemue are larger and stouter. On 
the other hand, the second maxillipeds are larger in the male, and the 
abdomen is often composed of two segments, while the female has 
only one. The inerease iu the genital segment of the female, together 
with the heavy ege cases which she has to carry, restrict her freedom 
of motion. 

And henee while both sexes can swim about freely it is only the 
males which ean be expected to compare favorably with the Argulidæ 
in this regard. This sex difference is particularly emphasized during 
the breeding season or just at the time when there is the greatest incen- 
tive for free swimming. That this restriction of the female's motion 
is at least favorable to degeneration ean not be doubted. Baut at the 
same time we have to remember that all the copepods save the Argu- 
lide are burdened in the same way, and yet all free-swimming forms 
are able to combat the condition suecessfully. The condition in itself, 
therefore, is scarcely enough to be regarded as the first step toward 
degeneration: we must seek something more. 

In ordinary free-swimming forms the female, even when burdened 
with her egg strings. must move about in search of food. In fact. she 
needs food more then than at any other tine. 

Again, in the Argulidie, the female deposits her eggs upon some eon- 
venient surface away from the body of her host. and such deposition 
becomes not an incentive merely, but an imperative demand for free 
swimming. The males follow the females at these times and also 
seareh for them from fish to fish. 

Caligus females, ou the contrary (and the same applies to all para- 
sitie genera). carrying their eges about until they hatch, find the sur- 
face of the fish’s body one of the best possible positions to secure good 
aeration for the eges and to discharge the nauplii when they are sutti- 
ciently matured. 

Finally these parasites feed upon the blood of their host. or at least 
upon something which they obtain while upon the host's body; hence 
by remaining here they are nearest the source of their food supply. 
In short, all the incentives are for. remaining, rather than leaving the 
host and swimming about, and adult females almost always renin 
upon the fish, even during the periods when they are without ege 
strings, 

The only inducement in these forms to free swimming on the part 
of the female would be that which is common to all parasites, plant 
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and animal alike, namely. the original search fora suitable host. But 
this operates in developmental rather than in adult stages, and itis a 
significant fact in this connection that nearly every female of these 
genera which has been captured in the tow has been immature, 

The mechanical hindrance atforded by the ege-strings. together with 
the strong incentives just enumerated for remaining upon the body of 
the host. may be fairly considered as constituting the first step toward 
degeneration, Let us now look at the mode of locomotion in these 
genera in order to discover the second step. 


LOCOMOTION, 


There are two modes of locomotion as in the Argulidze, a free- 
swimming and a seuttling motion. The presence or absence of the 
latter has a greater signitieauce than has hitherto been accorded to it. 
sy watching specimens of iLreguf us and Caligus m in aquarium it can 
be seen Chat the latter ave really the better swimmers. This is due 
to the increased surface of the first three pairs of legs; particularly to 
the large famina or apron whieh connects the third patracross the ven- 
{ral surface of the body. These legs furnish a swimming organ whieh 
propels the copepod throngh the water with strong and swift move- 
ments. Often the motion is so erratic and persistent that the animals 
seem to have fairly gone mad. dashing frantically about, turning sum- 
mersaults. rushing for a distance along the sides of the aquarium, or 
seuttling back downward across the under side of the surface film of 
the water. Equipped with such a swimming apparatus it would nat- 
urally be supposed that they would put it to frequent use. but we have 
already seen that they lack the incentive. Asa matter of fact. mature 
females of but one or two species have ever been taken with the males 
at the surface, 

Furthermore, as will appear in the deseriptions which follow, these 
few speeimeus were all of the genus Ciu/7gus, the species super being 
most commonly secured. The other genera here treated do not show 
as much inclination to free swimming as Cou/gus and there are but one 
or two very doubtful records of their capture in the tow. Indeed, 
A. Scott goes so far as to conclude from a series of careful investiga- 
tions that © Lepeophtheirus thronghont the remainder of its life and 
under normal conditions remains on the same fish that it attached 
itself to at the beginning of the chalimus stage.” And the same might 
probably be said with regard to claaretes and Techs, 

When we consider the amount of surface towing condueted every 
year under the auspices of the United States Bureau of Fisheries, the 
scarcity of these parasitic forms can onfy mean that at least the mature 
females are not aceustomed to swim freely at the surface, but only do 
so under extreme provocation. 
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Such a change in habits; constituting as 16 does a long step toward 
that fixedness of position which precedes radical degeneration, must 
have some adequate cause, These three genera. have practically the 
same swimming apparatus as Ca//ges, and if it is never used there 
must be some preventive influence which operates in their case but not 
in that of Cul/qus. 

In the author's opinion this influence may be found in the presence 
of sucking disks on the frontal plates of Caligus and their entire 
absence in the other genera, Their presence wives to Cad/gus the 
same scutthing motion as [guis obtains from its first maxillipeds. 
In this way they move about over the surface of their hosts with great 
rapidity and upon the slightest provocation, But the other genera. 
lacking the sucking disks, are dependent upon the second unteumve and 
the maxillipeds for locomotion over the surface, and can not conse- 
quently move about with any rapidity. For this reason they do not 
change their-position as often as Ca/gus but remain a lone time fixed 
in one place, Indeed, when an attempt is made to remove them from 
their host, only the males and immature females move about in order 
to eseape "Phe mature females usually settle down 7» s/f and only 
cling the more tightly. When removed from their hosts and pl ced in 
aquaria these genera settle upon the bottom or sides and remain sta- 
tionary for long periods, in marked contrast to the restless activity of 
Caligus. This fixity of position can not help reacting unfavorably 
upon any tendency toward free swimming whieh might still be 
retained by the copepod. 

To recapitulate, then. we find that none of the Argulidz: exhibit 
degeneration or even any tendency toward it. Phey have all retained 
completely both the ability and the inclination to swim freely and to 
move about over the body of their host. 

Among the Caliginw the genus Cuzgns possesses even more ability 
than steyu/us, and the males and immature females retain practically 
the same incentives. © But for the mature females every influence oper- 
ates toward remaining upon their host, and they are very seldom cap- 
tured swimming freely. All the species of Culigus, however, still 
move abont over their hosts body upon the shghtest provocation. 
Other genera, being destitute of lunules, lack the ability to move 
about on the body of their host with any freedom. 

This acts as a still stronger damper upon their movements, and 
although they retain fully the ability to swim they almost never exer- 
cise it. They not only remain upon one host all. their lives, but they 
also fasten themselves ina single spot and stay there continuously. 
They thus exhibit the initial stages of degeneration, whose next step 
is to be a partial loss of the ability left unused. 

While speaking of locomotion mention must be made of a pernicious 
habit common to many of the Caligine. This consists in crawling up 
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the sides of the dish or aquarium as far as possible above the surface 
of the water and remaining there fill thoroughly dried, and, of course, 
dead and worthless. For this reason it is very difficult to keep such 
species alive for any length of time, Even to carry themi from the 
collecting ground to the laboratory, or to keep them alive while being 
examined, it is necessary to carefully stopper the bottle or to cover 
the dish. so that the air above the water shall be so saturated with 
moisture that the copepods can uot dry in it. 

Fortunately this distgrecable habit is practically confined to the genus 
Caligus and the other genera make quite tractable subjects for aquaria. 
This is particularly the case with Lepeophtherrus, and A. Scott states 
that 2. pectoralis may be kept alive ‘in sea water for upward of six 
weeks after removal from the fish.” 


PRET ENSION, 


The organs of prehension include both sucking disks and claws: the 
former are confined to a few genera; the latter are common to all the 
genera, The arched carapace, also. in all the genera, acts as a large 
sucking disk, its margin being pressed close to the surface. and the 
contact sealed with water and slime. This constitutes a secondary 
organ of prehension, vastly more effective than in the Areulide. 
since its margin is made continuous posteriorly by the broad lamina 
connecting the third swimming legs. When flattened against a sur- 
face by museular contraction and then released it works very 
powerfully. j 

The claws constitute the terminal joints of the second antenne and 
the second maxillipeds, the entire joint functioning and being capable 
of strong flexure upon the basal joint, 

It seems probable that these ditferent organs of prehension are used 
in different localities upon the fish’s body. The Junules and the suc- 
tion of the carapace afford the principal means of prehension on those 
portions of the outside surface of the host which are covered with 
stales. There is an integument over the seales, to be sure, and in 
many of the fish whieh serve is hosts the scales have small spines upon 
their free surfaces. But the integument is so thin and the spines are 
so small and weak that they afford but a feeble hold for claws, There 
is no chance to bury the claws sutliciently to withstand the ordinary 
friction of water, to say nothing of that of sand or mud. which must 
be overcome on the ventral surface of such tish as the flounder. skate. 
ete. The fins. on the other hand, have no seales and the covering 
integument is firmer and thicker, and affords an admirable material in 
which the claws may fully bury themselves. So that although the tail 
and other fins must, from their movements, subject the parasites to 
considerable additional friction. this is more than counterbalanced by 
the superior hold which they afford. The blood vessels also are more 
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easily accessible in the fins than under the scales, These two reasons 
are sufficient to explain the preference of copepod parasites for such 
localities. 

It might be inferred that in those genera which are destitute of 


lunnles there would be a somewhat stronger development of the claws. 
Possibly they are a little larger and stouter, but the difference is very 
slight, and after careful examination if does not seem sufficient to 
warrant any statement. 

This method of prehension by elaws renders it more ditlieult. to 
remove the parasite from its host. Có/grs comes off easily. but it 
takes a decided pull to loosen one of the other genera. and often the 
posterior part of the body will be torn away from the anterior without 
weakening the hold, as noted by Scott. 

Long experience has taught that the best way to remove these para- 
sites intact is to slip oue end of a pair of broad-tipped forceps well 
under the carapace and dift the copepod off quickly as one would a 
limpet. 

Connected with prehension are the various devices to prevent slip- 
ping backward upon the fish's body. We miss in this group the 
spines upon the ventral surface of the carapace and the roughened 
plate with its posterior teeth on the basal joint of the second maxilli- 
peds, which were so common amongst the Argulidæ. 

But we find instead a small plate that often bears spines upon the 
basal joint of the first swimming legs, and a sternal fork. The broad 
lamina joining the third legs also, when applied closely to the surface, 
must act as a powerful preventative to slipping. And these creatures 
need something that is powerful for they are often found upon the 
ventral surface of such fish as the flounder, halibut, plaice. and skate 
which frequent the bottom and often bury themselves entirely in the 
sand or mud. 

The friction at such times must be very great and tax to the utmost 
both the flattened form and the prehensile powers of the parasites. 


ILOSTS. 


In general the Pleuronectidee and Gadidie are the most frequent 
hosts of the Caligids. but many widely divergent families and genera 
are represented in the host list. They may be found anywhere npon 
the external surface or in the gill cavity of their host. while a few 
species are commonly found inside the mouth, the most notable instance 
being the new species of Cadégus from the Bonito. On the outer 
surface they often prefer the fins, especially the pectorals since 
these furnish good opportunities for attachment and food as already 
explained. And then as the parasite usually seeks the underside of 
the tin it must also he protected in great measure by the latter from 
the friction of the water or mud through which the tish is passing. 
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Many species show a tendeney to congregate in certain places to the 
almost entire exclusion of the vest of the fish’s body, as in the ease of 
Caligus bonito and Lepeophtheirus pectoralis, 

While many of the species stick to one particular host there are 
others whieh change hosts from time to time and which are able like 
the Argulidie to live temporarily upon ahnost any fish that uiay be 
available.  Cudégis rapar easily takes the lead in this; having been 
found upon twenty-tive or thirty ditferent fish. -A few of these like 
the flounder and cod are regular hosts, und an examination of a very 
few fish is almost certain to reveal the presence of this parasite. 
At the right seasons also the chalimus stages of development may be 
found attached to the fins and seales of the same fish. But for the 
other hosts there is often a record of only a single specimen which was 
evidently a strageler and took that particular fish until it could find ' 
something better. 

TOOD. 


These parasites feed npon the blood of their hosts whieh they obtain 
in the same manner as did the Argulids by burrowing under the scales 
or piercing the skin on the fins with their maxillipeds and proboscis. 
This blood. filling the central digestive system, may often be seen asa 
dark streak throngh the body. and is sometimes very prominent in 
transparent specimens. 

When taken from the fish those specimens usually live the longest 
whieh have the 1ost blood in them: the latter seems to digest slowly 
and may often be seen for several days in the intestine. 

Many authors write that these parasites, or some of them at least, 
feed upon the mucus of the fish's body and that no blood has ever been 
fonnd in their stomachs. 

This statement seems to rest entirely upon the fret that no red color 
‘an be seen in their digestive organs, A. Scott says of Lepeophtheirus 
pectoralis, “when taken directly from the living fish and placed under 
the microscope it rarely shows even the faintest trace of red coloring 
matter in the alimentary canal.” 

But the same author concludes on the next page that this species 
feeds to some extent on blood, and a little later he adds ^ they do not 
hesitate to eat their comrades when these become feeble.” For animals 
which wiil do this mucus must bea rather tune and inadequate food, 

It is diflieult to determine what the food really is, pnt there are sev- 
eral considerations whieh will help us to form a rational judgment in 
the matter. In the first place. it makes a difference what part of the 
fish's body the parasite is taken from. whether it shows any red in the 
digestive ores or not. 

If taken from the will eavity the red is nearly always prominent. 
while tt seldom appears in those individuals taken from the outside of 
the body. Some species are always found in the gill cavity and they 
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always show blood in the alimentary canal. Other species are always 
found on the outside of the body and they are the so-called mucus 
eaters. But there arestill other species. like Co/iqus repar. which may 
be found in either place, and in them we find the same difference. 

In explanation we must remember two facts: The sill cavity is the 
easiest place to eet blood on the fish's body. and it is very possible 
that such a species as (5 rapar may slip into this cavity to eet. its 
food and then slip out again to the exterior of the body. Consequently 
when taken in the gill cavity it would have just finished eating, while 
on the onter surface of the body the blood may have had time to par- 
tially digest. 

The second fact is that all these genera are supplied with powerful 
digestive glands unlike the Lerneans. We shall see later (p. 513) that 
one pair of these glands are situated in the anterior part of the earn- 
pace and pour their fluid upon the food as soon as it strikes the stom- 
ach. Only freshly aerated blood, in or near the fish^s eills, has a deep 
red color: that in the capillaries of the skin and fins is not very red 
when swallowed. — Hence it would not take very much of a digestive 
fluid to remove the color entirely. 

It is very suggestive to note in this connection that the adult Ler- 
neans, in which the food is so red as to leave no doubt of its nature, 
have no digestive glands. During development, however, there is a 
digestive gland. and the contents of the alimentary canal are not red. 
It is scarcely possible that the young Lernean eats mucus while the 
adult eats blood. 

Again, if these creatures are seeking mucus for food why do they 
not choose such fish as are most bountifully supplied with it¢ Aud 
how dees it happen that they always hunt out those places upon the 
fish’s body where the skin is unprotected and the thinnest? There is 
more incus on the scales than anywhere else; why should they choose 
the fins or the inside of the operculum? — Finally, the mouth parts of 
species, which it is claimed eat mucus, are similar in every particular 
to those of species which are acknowledged blood-suckers. The 
eating of mucus, then, must be an acquired taste, and it is difficult to 
understand how an animal with its mouth parts fitted for sucking 
blood should be content to merely sip mucus while it still retains 
enough of its old blood-sucking habits to choose the places on the fish's 
body best adapted for that purpose. 

These parasites are very susceptible to any increase in temperature, 
and a rise of a few degrees will speedily prove fatal. 

This is the chief source of ditlieulty in keeping them alive in aquaria. 
A. Scott gives 167 C. as the limit for Lepeophtheirus pectoralis; and 
experiment has shown that other species do not differ much from this. 
A general average of all the species experimented with would raise 
this limit slightly. to 18“ or 20 C. 
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On the contrary, they can withstand a very great decrease in tem- 
perature, Scott states. that the aquaria containing Lepeophtheirus 
pectoralis were frozen. several times without injury to the parasites, 
Although: this experiment has not been tried upon other species, 
there is no reason to doubt that they could withstand as severe cold. 
tepeated. trials have shown that the best way to keep these creatures 
alive for any length of time, particularly during hot weather, is to 
pack the aquarium or bottle in iee. Those species which are other- 
wise prone to crawl up out of the water are much less likely to do so, 
but seem content to remain beneath the surface. Possibly this dis- 
agreeable habit may be connected ordinarily with a rise in temperature 


of the water in the aquarium, 
SUMMARY 


1. The females of the genera here discussed carry their eggs about 
with them. This necessarily restricts their freedom of motion, but 
not to a greater extent than in free-swimming forms. 

2. Added to the restriction, however. is a lack of incentive to free 
swiinming, since the parasite obtains its food upon its host and finds 
there the best position for the aeration of its eges. 

These two conditions combined constitute the first step toward 
degeneration. 

3. These genera are really better swimmers than the Argulidæ, 
owing to the increased surface of their swimming legs, particularly 
the third pair. But they do not exercise this ability nearly as often 
as the Areulidie, for the reasons just stated. 

4. In addition to their free swimming, the (grs. species also 
exhibit the same seuttling motion as the Argulidie, and it is accom- 
plished in a similar manner by means of the sucking disks on the 
frontal plates. 

5. In other genera the sucking disks are absent, the scuttling 
motion is impossible, and we find still less of an inclination for free 
swimming. — Careful observations indicate that these genera remain 
throughout. life upon the same fish to which they attached themselves 
in the chalimus stage. 

6. As another consequence of the loss of the seuttling motion they 
remain for long periods in the same position upon their host, moving 
only upon strong provocation. This fixity of position constitutes a 
second step toward degeneration. 

T. For prehension we find the sucking disks in Ca//gus, und stout 
claws upon the second antenne and the second maxillipeds in all 
genera, The edge of the carapace also, supplemented by the broad 
lamina connecting the third swimming legs, is flattened against the 
supporting surface and functions as a large sucking disk. 

s. To prevent slipping backward under friction there are weak 
spines npon the bases of the first swimming legs, and a stout sternal 
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fork between the bases of the second muxillipeds. The lamina of the 
third swimming legs also renders effective service in this direction. 

9. These genera show a decided preference for the Pleuronectide. 
and the Gadidie as hosts, but such of them as practice free swimming 
may be found upon almost any host temporarily. Many of the species, 
so far as observed, are contined to a single host. 

10. These parasites feed upon the blood of their host. in a similar 
manner to the Areulidie. They are very susceptible to heat, and an 
increase of temperature of only a few degrees is qnickly fatal. On 
the contrary, they can withstand very severe cold, even freezing, 
without apparent injury. 


MORPHOLOGY. 


A. FErternal. The types upon which Müller founded his genns Cu/7- 
gus in 1785 included several venera beside the true (wliyus. Indeed, the 
only species amongst his types really belonging to the genus was Cu//qus 
curtus. Hence his genus diagnosis was very broad and would have 
included practically all our North American Caligine. In the present 
morphology the statements have been made equally inclusive and are 
to be understood as embracing all North American Caligine: unless 
otherwise limited. The body of a Cu/équs is made up of four parts or 
sections, a. cephalo-thorax, a free thorax, a genital segment, and an 
abdomen. The cephalon bears seven pairs of appendages, namely, 
antennules, antenne, mandibles, first and second maxillie, and first and 
second maxillipeds. The three anterior thoracic segments are fused 
with the cephalon so that the cephalo-thorax bears three pairs of 
swimming lees in addition to the appendages just enumerated. The free 
thorax consists of a small segment carrying the fourth pair of swimming 
legs and. the genital or reproductive segment. The latter has in both 
sexes a. pair of appendages which in the male are very evidently rudi- 
mentary swimming legs of the fifth pair. In the female they are often 
so reduced as to be recognized with difħeulty, but their presenee is sutt- 
cient to show that this segment must be regarded as a portion of the 
thorax if we are to be consistent in our nomenclature of the crustacea. 
Hence, while retaining the designation “ genital segment.” already in 
general use, it will be understood that this is really the fifth thoracic 
segment, the second. free one. ft varies greatly in shape in different 
species, in different stages of development in the same species, and in 
the two sexes. In the male and in immature females it is always 
smaller and often approximates the abdomen closely in size. But as 
the female approaches maturity it increases greatly and becomes 
usually nmeh larger than the abdomen. 

Furthermore, in undeveloped forms of both sexes the rudimentary 
fifth legs are relatively much larger than in the mature individual, and 
may commonly be seen as a pair of large. lobes or processes. eleariy 
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differentiated from the remainder of the genital segment. (5. fie. 1). 
As development progresses these lobes become assimilated more and 
more with the body of the segment, until at the last they are oftentimes 
invisible except from the ventral surface, and then only after careful 
examination. 

Owing to this extreme variation in size and shape the greatest care 
must be exercised in comparing diflferent specimens for purposes of 
elassifieation, The individuals compared must be alike in sex. in 
maturity. and even in the period of pregnancy if the size or shape of 
the venital segment is to have its full significance. Fortunately, one 
breeding season follows another so rapidly that the female is never 
left for any long interval without her 
ecgestrings. Hence; in collecting these 
parasites, fully ripe females are very 
largely predominant. On being pre- 
served the egg cases become very brit- 
tleand break off easily. but examination 
will quickly reveal the fact that they 
have been present, whieh of course is 
all that is required. In the Key which 
is given later (see p. 555) the shape of 
the wenital segment ix made one of the 
final means of determination after the 
other more important ones have been 
exhausted, and even then it must not 
he wiven too much prominence. 

The length of the ege strings and 
the size of the eges vary greatly. in 
different species and in. different indi- 
viduals of the same species, and the 


best that can be done is to give the 


Pig. 1.—YOUNG FEMALE OF LEPEOPHTIEIRUS general average, The size of the eges 
EDWARDSI, SHOWING THE FIFTH PAIR OF 5s P 
SWIMMING LEGS AT THE POSTERIOR CoR- IS always a better guide than the 
NERS OF THE GENITAL SEGMENT, (f, l., ANAL number. 
LAMINE; 4, RUDIMENTARY FIFTH LEGS. 


Like the genital segment, the abdo- 
men is usually simple, but sometimes two-jointed. this condition 
ocenrring more frequently in the male. There are. two species of 
Caligus also in which it is three-jointed, CL coryphene and CL angus- 
tatus, and another in which it is four-jointed, (5 a/fimenus. (See 
Plates VIE and TX.) 

The abdomen is terminated by two processes, one on either side of 
the anus, and each furnished with three or four plumose sete (a. 1, 
tie. 1). These processes have been given different names by dillerent 
authors, Milne Edwards calls them “lames caudales:” Króyer desig- 
nates them as "t halevedhbiengene" in Danish, while in his Latin 
diagnoses they are simply “Suppendices:” Heller speaks of them as 
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USehwanzanhange," in his Latin diagnoses as “appendices caudales:” 
Claus calls them ct Furealanhange;" in Latin. ** foliola eandaliaz" 
Gerstaecker designates them as "7 Endeabel (Furca):“ while Bassett- 
Smith speaks of them as ^* caudal plates." 

There are several objections to these names. In the first place, most 
of them preserve in some form the old name of tail.” eiven to the 
abdomen, which was entirely a misnomer. 

The nse of furca“ or “fork” is even worse, for we already have a 
furea upon the ventral surface of the carapace, and the repetition of 
the name for a very diflerent appendage could not but breed confu- 
sion, Why not apply to them the term "anal," since they ave always 
situated beside the anns, aud thus get a term to which there could be 
no objection as a misnomer aud which would he free from any danger 
of confusion? Let us call them, then; anal plates or kumine, as we 
called the appendages in the Argulidis, similar in position but ditfer- 
ent in shape, anal papille. | 

There is thus a cephalon bearing seven pairs of appendages, a thorax 
of five segments, each bearing a single pair of appendages, the first 
three united with the cephalon, and an abdomen of from one to four 
segments. the last of which bears the paired anal lumini. 

The eephalo-thorax is strongly flattened dorso-ventrally and is cov- 
ered with a hard shell or carapace, which serves to protect the softer 
parts underneath. Tn structure this shell is Hike that which covers the 
anterior portion of the body in the Argulidie, but its shape is consid- 
erably different. 

In the first. place, the anterior antennie, instead of being concealed 
beneath the carapace, form a wide articulated border zeross its ante- 
rior margin, their free ends standing out prominently on either side. 
In six genera 
and Purapetalus— the frontal plates thus formed carry upon their ante- 


Caligus, Preudocaliqgus, Caligodes, Syuestius, Homosotes, 


rior margins sucking disks or Innules. Iu the other genera they are 
perfectly plain. 

These lunules often stand out prominently and, with the plates 
themselves, give a squared appearance to the anterior margin (Plates 
V. VI, NII). This is usually increased by an incision at the center 
where the two plates meet, or by an emargination extending for some 
distance on either side. In rare instances just the reverse takes place. 
and the frontal margin is made pointed by a protrusion of the plates 
between the Junules in the form of a beak or rostrum (Caligus himu- 
lonis, irritans, and minrrayanus)e Either form presents a sharp con- 
trast with the evenly rounded anterior margin in frg us. 

Again, instead of a single median posterior sinus, there are two. one 
on either side, leaving a median lobe between them, which is usually 
half the entire width or more. 
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But the regions of the cephalo-thorax are practically the same and 


are very similarly arranged in the two. 
As boundaries of these regions we find grooves similar to those in 


FIG. 2.—ADULT FEMALE OF CALIGUS 
MUTABILIS, SHOWING THE BODY 
REGIONS AND THE AREAS OF THE 
CARAPACE. A., ABDOMEN; C. A. 
CEPHALIC AREA; E. S., EGG-STRINGS; 
E.P. FRONTAL PLATES, E. 4S5 FREE 
THORACIC SEGMENT; G. N., GENITAL 
SEGMENT; L. A., LATERAL AREAS: 
T. A., THORACIC AREA. 


the Arerdide but differently arranged, not 
merely in the different genera, but in dif- 
ferent species as well, 

In general they may be described as fol- 
lows: A pair of longitudinal grooves, one 
on either side of the mid-line, more or less 
parallel with itand removed some distance 
from it, correspond with the sides of the 
horseshoe suture in the Argulidi. 

But they extend backward farther, 
reaching the posterior margin of the lateral 
lobes, while they do not reach forward to 
the frontal margin. They form the sides 
of a large letter H and are connected by 
the third groove transversely at or just 
posterior to the center of the carapace 
(fig. 2). The carapace is hinged along 
these sutures and capable of some motion 
upon them. as in the Argulidæ. On the 
outside of the lateral grooves arethe lateral 
areas, extending back in a lobe on either 
side of the carapace much narrower than in 
Mplus (L. A.). 

The transverse suture marks the june- 
ture of the head and thorax so that the 
central region in front of it is the cephalic 
area (C. A.), while behind it is the thoracic 
area (T. A.), the former being usually the 
larger. These three grooves are present in 
practically all the genera and species. In 
addition there are others which occur with 
One of thexe is a 
horseshoe-shaped groove extending from 
the suture between the carapace and the 
frontal plates backward around the eves. 

It is similar in shape to that in the Aren- 
lide, but as the eyes in the two families 
are entirely different it does not corre- 
spond in morphological significance. 


more or less frequency. 


There are also grooves at the bases of the free portions of the first 


antenne whieh extend inward on the earapace for a short distance, 
while others appear often in the anterior portion of the lateral arcas. 
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Rarely a second transverse groove is found in front of the crossbar of 
the IL as in Culigus hemulonis and €. aliuneus and in Glozoputes 
ornatus (See Plates LX, XIX, XXIII). 

The frontal plates (F. P.) are separated from the carapace in all the 
genera here considered by an irregular groove made up of several 
symmetrically arranged curves. 

These frontal plates are really the basal joints of the first antenne, 
as ean be readily seen in following the development, and they thus 
correspond in function to the hooked claws on the base of the first 
antennæ of the Argnlidæ. 

The two plates do not quite meet at the center, but are separated 
anteriorly by a deep and very narrow sinus whieh marks the former 
position of the filament for attachment in the ehalimus stage. and by 
a slight projection of the carapace front which this filament emerged. 
Qu the ventral surface at the base of 
the suture there ts an oval opening 
surrounded by a narrow fringe of 
chitin. This represents the median 
sucker which is considerably devel- 
oped and forms au important organ 
of adhesion in the early ehalinius 
stages (s. fig. 3). Its usefulness is 
almost entirely superseded in the 
adult Cud/gus by the sucking disks 
which develop during the later chal- 
imus stages, but in the other genera 
it may serve as a ` first aid in seeur- 


Fig, 8.—THE MEDIAN SUCKER OF CALIGUS 


ing the animal to its host," ds SUS- RAPAX. fÍ. f., FRONTAL FILAMENT: mM., AN- 
gested by A. Scott (1901). TERIOR MARGIN UF FRONTAL PLATES: $., 


p H — SUCKER, 
In favorable specimens a chitinous 


rod (f. £.) can be seen passing back from this sueker toward the eyes. 
This rod ix the remains of the filament, and at its inner end may be 
seen the eland which secreted the substance of the filament. 

The sucking disks, which in Caligus serve both for prehension and 
locomotion, are of peculiar construction, resembling not the body or 
basal portion of the sucking disks in Aryulus, but rather the free 
membranous border. They consist of a short and rather flat cone of 
membrane, often split for a considerable distance down the ventral or 
anterior side, 

This suture is often so wide that a cross section would take the form 
of a horseshoe rather than a circle. The membrane is supported by a 
very few trausverse and by many longitudinal ribs of chitin, all of 
which, however, are simple hairs or threads and not the complicated 
affairs found in the Argulidie. 
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This cone is often partially or even almost completely concealed by 
the border of the frontal plate in a dorsal view, so that it is only by 
turning the animal over on its baek that one could be sure whether it 
has lunules or not. This is the condition with the entire genera 69/77- 
godes, Synestins and Purapetalus, and rarely in some species of Caligus 
like (5 aphanus, 

The carapace. like all the rest of the body. is covered on both the 
dorsal and ventral surfaces by a thin cuticle. At the margin where 
these two cuticles come together they are fused and form a wide, per- 
feetly transparent border along the frontal and lateral edges. Being 
smooth and flexible this border can be applied very closely to the sup- 
porting surface and forms thereby a tight joint which greatly aids in 
prehension, as already noted (p. 486). 

The eyes are situated on the median line, abont one-third the dis- 
tance from the front of the carapace. They are two in number, so 
closely approximated as to be partially flattened. and are embedded 
ina mass of pigment which lies wholly beneath the carapace. Each 
consists of aspherical mass of pigment flattened on the inner side. 
where it is separated from its fellow by a thin laver of chitin, lined 
with the same pigment. 

The lens is spherical and projects about half its diameter from the 
outer or anterior margin. Behind the lens is a retina made up of a 
single row of relatively large cells; whieh are lined on the inner side 
with a laver of pigment. This pigment is usually black or very dark 
wine-red iu color, while the lens is colorless and perfectly transparent. 

In quite a number of species, scattered. through all the ditferent 
genera, the eyes are invisible (in. preserved specimens) to even the 
most careful scrutiny. But it seems probable that they are merely 
concealed by overlying pigment and not really lacking. This point 
can be determined only by a study of sections which are not at pres- 
ent available. 

From a study of the early development we find that these eyes are 
originally placed much farther back in the carapace and are separated 
by a greater distance from each other. and that they afterward 
migrate forward and inward toward the mid line, until they are so 
thoroughly fused as to appear as one eye with two lenses. 

The free thoracic segment is small in. nearly all the species: it rep- 
resents the fourth thoracie segment of free-swimming copepods and 
carries the fourth pair of swimming lees attached to its outer mar- 
gins (F. S. fig. 2). In all the species figured. with one or two doubt- 
ful exceptions (€. dubius and C. filler), itis so much narrower than 
the carapace and genital segment, especially where it joins the former, 
ax to appear like a wasp waist connecting the two. This appearance 
is heightened in CofZgesds by a considerable lengthening of the scg- 
inent. The rare instances in which it is figured as double instead of 
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single (Caligus alalongæ, chorinemi, productus, robustus, and trach yp- 
teri) are very donbtt and the probability is strongly against them. 

For instance. while Kröyers smaller figure of C. productus shows 
two segments, Dana's enlarged figure of the genital segment of the 
same species shows also the free segment as single. In several species 
(Caliqus irritans, monacanthi, wd rerater) the sides of this segment 
are indented as if for another joint, but there is no actual division and 
the cases just mentioned are probably the same. 

Indeed, if these or any other species really had two free segments, 
this would be suflicient ground for a generic rather than a specific 
distinction. 

The genital segment (G. S. fig. 2) is not, as its nune would imply, 
the seat of the reproductive organs proper, but merely of the ducts 


leading from them, in the female the internal oviduct, and in the mule 
the vas deferens and the spermatophores (see figs. 32. 338, 34). 

But since in the female the conyolutions of the oviduct contained 
within the genital segment are the place where most of the develop- 
ment of the egg occurs, it follows that this segment is usually plump 
and swollen. Its shape varies greatly and is indicated for each of the 
different species in the keys on pages 555 and 615. In many of the 
species the walls are so transparent that the structure of the internal 
organs may be conveniently studied through them. 

The abdomen (A. tig. 2) is always narrower than the genital segment 
(except in Caligus hirsutus), often markedly so, and is usually shorter 
and simple. In certain species. however, it is much longer (Cu//gis 
macrurus, plamydis, scombré, and stromates), and it is also sometimes 
segmented, this occurring oftener in males than in females. And 
then the abdomen in the male is relatively longer than in the 
female, so as to give this sex a narrowed, drawn-out appearance, con- 
trasting strongly with the plump, stocky figure of the female. The 
external egg cases (E. S. fig. 2) are cylindrical tubes, the substance of 
which is secreted by a shell gland situated in the genital segment and 
opening into the internal oviduct very near its exit from the segment. 
The cylinder is divided into segments by cross partitions, one between 
every two eggs, xo that often when the nauplii have escaped from tlie 
egos there is left behind a sort of moulted skin which retains the exact 
form of the origin^l, but is entirely empty. When full these egg cases 
are the most 1 otent influence to check the ability of the female to move 
about freely. Oftentimes they are relatively very huge, and in one 
species, Culigus diaphanus, the two strings taken together are nearly 
as large as the entire hody. 

There ave twelve pairs of appendages, namely, two pairs of antenme, 
one pair of mandibles, two pairs of maxilke, two pairs of maxillipeds, 
and five pairs of swimming lees, all on the ventral surface except the 
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first antenna Ge . fig. 4). These tte ure X to the iron 
margin of the carapace and project sidewise from the body. Each is 
made up of three joints: the basal joint is the largest and is in the form 
of a lamina or plate, which bears a lunule on its margin. The median 
joint is larger than the terminal and bears tactile plumose sete on its 
anterior and outer margms. The terminal joint is usually more or 
less club-shaped and furnished 
with short and sharp spines at 
and near its tip. These antenne 
should be very highly sensitive, 
if their innervation is any eri- 
terion, for à large nerve enters 
each from the supra-cesophageal 
ganglion, and, dividing and sub- 
dividing, sends a braneh to the 
sucking disk of the basal joint, 
to each plumose seta of the 
median joint, and each spine of 
the distal joint. 

The second antenna (an") ave 
attached to the ventral surface 
just posterior to the bases of the 
first. They are each two-jointed. 
the basal joint being short and 
stout and plentifully supplied 
with strong muscles. The apical 
joint is modified into a stout pre- 
hensile claw. which fits into a 
cup or socket hollowed out of 
the yentral surface of the eara- 
pice near its front margin. In 
the genera under discussion 
these antenne have become en- 
FIG, In. —V ENTRAL SURFACE AND APPENDAGES OF AN tirely prehensile in function, 

ADULT FEMALE LEPEOPHTHEIRUS EDWARDSL a’, and, with the second maxillipeds. 
FIRST ANTENNE; an", SECOND ANTENNE, L. FURCA; D wu , 

lO MOTT: MAS, DNUS aroso COCNA tre GDILO DEO OTT ROTEN 
MAXILLE: nxp^, FIRST MAXILLIPEDS; mxp”, SEC- tachment in places where the 


OND MANILLIPEDS; 1, 2, 3, AND 4, SWIMMING LEGS. . . D . m 
skin is accessible (tig. 5). 


The mandibles are wholly inclosed within the mouth tube; they are 
very slender, stylet-shaped and usually. four-jointed. 

The apical joints are visible through the mouth opening; they curve 
in toward each other and are either serrated or erenated alone their 
inner edges, the number of teeth being twelve to sixteen. 

In Lepeophtheirus the outer margins are smooth, but in Cu//gus 
they are sometimes eut into very small acute teeth, eighteen to 
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twenty in number (fig. 6). The bases of the mandibles are attached 
just inside the lateral chitin rods of the lower lip, aud are connected 
witb the ventral surface of the carapaee by stout muscles. There are 
no traces of mandibular palps. 

The first maxille (mx’, figs. + and 5) are situated near the lateral 
margin of the carapace, just outside of, and a little posterior to, the 
bases of the second antenne. Each consists of a single joint in most 
of the species, but of two joints in a few species of Caligus according 
to the descriptions given. In 
both sexes they are swollen at 
the base and taper toward the 
tip; in the female they are short 
and blunt and apparently of no 
service. 

In the male they are much 
longer and taper to a slender, 
sharp point at the apex: each 
maxilla is also curved over 
toward its fellow on the oppo- 
site side and thus forms a claw 
similar to that on one of the 
second antenne (fig 5). And 
their function would seem to 
be similar, although we must 
remember that they are shorter 
and weaker than both the sec- 
ond antenne and the second 
maxillipeds and so could not 
reach the host’s body unti] after 
these others had been buried in 
the skin. Possibly they may 
serve in both sexes to irritate 
the wound and so stimulate the 
flow of blood. ln some species 
of Culigus and Lepeophthe ipus FIG. 4b.—VENTRAL SURFACE AND APPENDAGES OF AN 
two minute scte are attached ADULT ME Aaa ales EDWARDSI. (For 

lettering see Fig. 4a.) 
to the basal part of each max- 
illa which A. Seott considers to represent the exopodite or palp 
(amy fon 7). 

The second maxille (nix“, fig. 4) are placed at the sides of the mouth 
just outside of the suctorial tube. Each is made up of a single joint. 
stout at the base and slender toward the tip. 

In Caligus and closely allied genera the terminal portion is undivided 
while in Lepeophthe/rus and its near relatives it is bifurcated. 
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This terminal portion represents the exopod and in many species of 
both Culvgus and Li peophthelris there is also a distinct endopod 
(e". flu. T) with two sete on its 
apex attached to the base of the 
exopod (Lepeophtheirus pectoralis, 
Caligus yitputer. etus ). 

The mouth opening is terminal 
or termino-ventral and may be 
either circular in outline (Cu//ges 
bonito, Lepeophtheirus edwards’), 
transversely elliptieal ( CFgus ra- 
pee), or even strongly  lunate 
(Caligus curtus, Lepeophtheirus 
pectoralis). 

Whatever its shape it is always 
surrounded by a fringe of long: 
hairs. Often in the incision at the 
center of the under lip is a small 
tuft of hairs considerably longer 
yet. In living specimens these 
hairs are seen to be motile and 

= they must assist in drawing the 
Fis. ATIE SECOND ANTENNE AND THE FIRST blood up the mouth tube by mak- 

MANDIUG (OR THE AEE COLIUCS- "BONITO C. m . 

UPPER FIGURE, THE MALE; LOWER, THE rExaLE, Ig the joint at the mouth opening 

tighter. 

The framework of the mouth is quite complicated and consists of 
two sets or series of rods running lengthwise, connected by others 


SSTT 


d c 


FIG. 6,—M Ov TH PARTS, A, DORSAL SURFACE OF MOUTH TUBE OF LEPEOPHTHEIRUS HIPPOGLOSSI b, 
VENTRAL SURFACE. C, MANDIBLE. d, MANDIBLE OF CALIGUS BONITO: f, FLEXIBLE FLAP AT ANTERIOR 
END OF UPPER TIP. T, ROD ON LATERAL MARGIN OF FRAMEWORK OF LOWER LIP. 


which are transverse. Phere is first a long rod on either side, ruining 
the entire length. of the framework along the lateral margins and 
furnishing the requisite support for (he whole mass (r, tig. 6. and r% 
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fig. 10). These rods are inclined toward each other as they proceed 
away from the ventral surface; their. proximal ends are bent. sharply 
and sometimes carried a short distanee along the ventral surface of the 
wrapace as in Caligus curtis. They are articulated at the bend thus 
made and again near the tip. making them three jointed. At the basal 
joint they are also articulated with the ventral surface of the carapace, 
and the muscles which elevate or lower the whole mass are fastened 
here. 

The short terminal joints curve inward and nearly meet at the mid 
line (Cudiqgus bonito, Lepeophtheirus edwardsi). Sometimes they are 
reenforced here at the tip by other small rods which run in toward the 


FIG. 7.—SECOND ANTENNE, FIRST AND SECOND MANILLE AND MOUTH TUBE OF ADULT CALIGUS RAPAX, 
HIGHLY MAGNIFIED TO SHOW EXACT POSITION, RELATIONS, AND STRUCTURE, uN”, SECOND AN- 
TENSE; 0%, EXOPOD OF FIRST MAXILI , ENDOPOD. OF SECOND MAXILL.E: Ma MOUTII; mx*., 
FIRST MAXILL.E; INX”, SECOND MAXILL.E. 


mid line parallel with the first (Culigus curtis). The lower lip is 
stretched over this framework from side to side and projects somewhat 
in front of the small anterior rods. It is divided at the center, and 
the edges thus formed are fringed with a tuft of hairs fully twice the 
length of those which fringe the rest of the mouth opening (fig. 6). 
In Addon there is a slit at either side instead of a single slit at the 
center. and the fringe is not much lengthened. 

In the membrane of the lower lip. between the marginal rods just 
described. lies a complicated jointed framework of short rods which 
help support the membrane. Their number, arrangement, and shape 
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varies greatly in the different. species as well as in the genera, In 
Caligus eurtus there isa long rod on either side of the mid line. the 
two being approximately parallel to the very tips where they bend in 
snddenly together and are united fora short distance along the mid 
line (m, fie. S). Connected with this united portion are three short 
transverse rods (t). All of these rods are narrow and evlindrical in 
shape (Pickering and Dana, 1838). 

In Culégus rapaw there is a large V-shaped rod at the base of the lips 
(v), and another (v7) at the tip, the bases of the two Vs being toward 
rach other and their sides being counected by a series of short, almost 
spherical rods (s. lig. 9). The V-shaped pieces are strongly flattened 


FIG, S8—VENTRAL SURPACE OF THE MOUTH TUBE op FIG. 9.—VENTRAL VIEW OF THE MOUTIU TUBE OF 
AN ADULT CALIGUS CURTUS. (AFTER PICKERING CALIGUS RAPAX IN A LATE CHALIMUS STAGE, 


AND DANA.) ah, LONGITCHINAL CENTRAL ROUN Ty FOD ON TATERAT: SPERO 


IN PRAMEWORK OF LOWER LIP; t, TRANSVERNE u Y^ VO. SHORT ROMS FORMING THE FRAME. 


RODS. WORK OF THE LOWER LIP. 


and much wider than thick, and might well be called laminæ instead 
of rods. 

The membrane forming the upper or dorsal portion of the mouth 
tube may be called the upper lip. Like the lower lip. it has a chitin 
rod (r^. fig. 10) along either lateral margin, but in this instance, instead 


of being connected at the tip by short trausverse. rods, the chitinous 
edge is continuous around the anterior margin (fig. 6). 

The proximinal ends of the rods are enlarged and flexed, but not as 
sharply as those of the lower lip. and to them are attached muscles for 
moving the lip. There is no central framework in this dorsal mem- 
brane, but the latter is stretched from one marginal rod to the other, 
In Cul gus curtus and Lepeophtheirus ediards? the anterior portion of 
the chitinous margin is bent back in the form of a semicircle, into 
which fits a more or less eireular tlap (f) of soft membrane whose front 
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edge is crenated and fringed with long cilia (fig. 6.a). This flap is 
flexible and capable of more motion than the remainder of the lip, but 
to call the latter "immovable " (Pickering and Dana) is certainty mis- 
leading. The whole mouth tube moves together and freely, and cer- 
tainly the dorsal portion of it is as movable as the ventral. In. Ci//qus 
rapar the anterior portion of the chitinous margin. instead of being 
concave, is convex like the lower lip, and projecting in front of it is 
a narrow flexible membrane flap. with its front edge ineised at the cen- 
ter and fringed throughout with cilia (fig. 10). 

The statement of Pickering and Dana that the mouth "appears to 
be composed of the upper and lower lips, united with the different 
parts of a pair of maxillie " (1535, 
p. 18) ean not stand. Those au- 
thors made no attempt at any 
explanation of the position or 
connection of the maxila re- 
ferred to, except to state that 
they corresponded to the first 
pair of maxillie in deeapod crusta- 
cea, And even this was not stated 
directly, but ina roundabout fash- 
ion, for they found a single pair 
of appendages which they said 
corresponded to the second max- 
ille in decapod crustacea, but 
which they called the first maxil- 
lipeds. hey proved to be in 
reality the second antenne; it 
must have been, therefore, the 
first maxille which they thought 
were combined with the upper 

: Fra. 10.—DORSAL SURFACE OF THE MOUTH TUBE 
and lower lips, But we have al- or CALIGUS RAPAX IN AN ADVANCED CHALINUN 
ready seen that both pairs of STAGE, IT’, ROD ON LATERAL MARGIN OF FRAME- 
maxille are fully accounted for mae 
outside the bneeal tube, And A. Scott has shown by the innervation 
in Lepeophtheirus pectoralis that the claws which Pickering and Dana 
considered as appendages of their * first. maxillipeds " are really the 
first maxille. 

Of the two pairs of maxillipeds, the first are situated about halfway 
between the apex of the mouth and the lateral margin of the carapace. 
Each one of this pair is two-jointed, the basal joint moderately stout 
while the longer terminal joint is very slender and terminates in. two 
or three short and stout spines. Their function is probably that of 
keeping the mouth clean of foreign matter by a sort of combing 
motion (fig. 11). 

The second maxillipeds arise near the mid line, a little posterior to 
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the first. Each is made up of two joints, the basal of which is much 
swollen and diberally supplied with stout muscles. while the apical 
one is a powerful claw curved over inward and carrying a spine 
on its inner margin (fig. 12). 

These are the chief organs of prehension, 
as already noted, iud are usually much larger 
in the male. Their relative size. however, 
varies greatly in the different. species and 
genera; in one they are evidently the chief 
reliance for clinging to the host or to the 
female; in another the second antenne are so 
much enlarged and the first maxille in the 
male are so stout that these maxillipeds evi- 
dently share the honors at the least. 

Lej ophthe£rus innominatus is a good exam- 
ple of the former, the basal joints of the second 


maxillipeds being so large as to fill the cen- 
Fie, Fuer MAXILLIPED or tral portion of the carapace (Plate XXVIII. 
LEPEOPIITHEIERUS EDWARDS. e 5 A 
And (Culgus schistouye is a good example of 
the latter, the terminal claw of the second maxillipeds being small 
and very weak while the second antenne are large and stout (Plate VI). 

In many other species the 
two are just about equal in 
strength and efficiency. 

Between the swollen basal 
joints of the second maxilli- 
peds arises the furca or sternal 
fork, which consists of a stout 
chitin plate whose tip is bifid, 
much like an old-fashioned 
bootjack. 

It varies considerably in form 
and relative size in the ditfer- 
ent species, and for some au- 
thors it serves on this account 


as a secondary basis of. classifi- 


Fic. 12.—THE SECOND MAXILLIPEDS OF THE ADULT 
eation. It is frequently of con- Caters posite. VPPER FIGURE, THE MALE, WITH 


BONY PLATE ON THE BASAL JOINT; LOWER 


siderable service in this direc- ds rd 


tion, aud th one or two cases 

ix sutliciently different. to serve as the distinguishing characteristic of 
the species. Witness the double bifurcation in. Lepeophtheirus hip- 
poglossi and L. bifurcatus, and the peculiar form in the genus ioio- 
potes and in Caligus platytarsi and the entire absence of this append- 
age in the genus Albion (see Plates NN. XXIII). Several uses have 
been suggested for the appendage. T. C. Thompson thinks that it 
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may aet as a support or eruteh on which to raise the body of the 
parasite high enough from its host to render tlie use of the swimming 
feet and mouth organs possible. But there are several considerations 
which render such a function quite improbable. In the first. place 
the parasite uses its feet when on its host simply to keep the water 
beneath the carapace agitated for purposes of respiration: and. there 
ix space enough for this. ordinarily, without raising the carapace at 
all. Again, the raising of the carapace and balancing it npon this 
fork would weaken the parasites hold enough to render any sudden 
or unlooked for friction dangerous. And then, if the fork were 
to function as a support there would certainly be need of some nus- 
cular arrangement to adjust, hold. and remove it, as occasion 
demanded: but there are no such museles in connection with this fork, 
and. so far as can be determined, no means of adjustment whatever. 

And, finally, there would be very little demand for such a support. 
because when the terminal claws of the second maxillipeds are driven 
into the skin of the host the parasites body is ordinarily raised to a 
greater distance than the length of the sternal fork, and by straighten- 
ing the basal joints of the same appendages it can be raised still farther 
without in the least loosening its hold. 

A. Scott, in the memoir already referred to, writes that the function 
of the furea is unknown. But it seems at least possible that it may 
be used for the purpose already suggested. to prevent any slipping 
backward upon the host when the parasite has loosened its claws and 
is moving about over the host’s body. 

It would thus correspond in function as well as position with the 
papillated area and the spines upon the basal joints of the second 
maxillipeds in the Argulidæ. Its position between the bases of the 
second maxillipeds. its backward inclination, and the entire absence of 
spines or papillited areas upon the maxillipeds themselves give at 
least a probability to this view. 

Of the swimming legs the first and fourth pairs are uniramose in 
nearly all the genera while the remaining pairs are biramose, The 
genus Lebon has the legs all biramose, but the fourth pair are rudi- 
mentary. As will be seen from the key there are several other genera 
not represented in North American waters which have all four pairs 
biramose like ile (listes and Luctkenia have the first pair 
only uniramose, the other three being biramose, 

In the first pair the basipod i is simple and considerably larger than 
the terminal joints, except in Ci//godes, where it is the same size. Tt 
frequently carries upon its posterior ventral surface one or two spines 
whose bases are enlarged and which are inclined backward (fig. t3). 
The exopod is well developed, two-jointed and in line with the basipod. 
The terminal joint is often appropriately called the * hand” on account 
of its shape. 
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It carries on its outer margin three elaws of about the sane length, 
at the outer posterior corner a long plumose seta ora spine longer 
than the claws, and on its posterior border three stout pluniose. sete. 
Occasionally oue of the terminal cliws is developed at the expense of 
the others, as in Leprophthetrus monacanthus and L. quadratus and 
Caligodes megacephalis. 

In the genus G/o/opotes two of the claws are curiously moditied into 
a three-pronged fork. 

One or two species have. been reported in which there were no 
plumose sete npon the posterior border (Cul/gus. hiwmulonis and (€. 
productus). 

The endopod of these first legs is rudimentary and is represented in 
some species by a minute joint bearing sete (Lepeophtheirus pectoralis) 
and in others simply by the sete ( Crfégus rapar and C. bonito). 

In the second pair of legs both exopod and endopod are well devel- 
oped. two- or three-jointed, and plentifully supplied with plumose sete. 


Fig, 13.— FIRST SWIMMING LEG OF ADULT FEMALE CALIGUS BONITO, VENTRAL VIEW. 


These latter point inward on either leg and are often long enough te 
overlap on the mid Hne, thus forming a very effective swimming lam- 
ina. These legs are almost exactly alike in all the genera, The large 
basipod carries on its posterior. margin a stout plumose seta, inclined 
backward and inward at an angle of about 457. The basal joint of the 
exopod is longer than either of the other two joints and carries a plu- 
mose seta on its inner margin and a stout spine at the outer distal cor- 
ner (tig. 14). The second joint is short. with a plumose seta on the 
inner margin anda spine at the outer distal corner. The terminal 
joint is almost circular in outline and carries a row of six plimose setie 
around its edge and a spine at the outer corner. 

This exopod is in nearly the same line as the basipod, but the endo- 
pod is bent inward until in (ayus and Lepeophtheirus it is at right 
angles to the basipod. while in 67o/opotes and a lebon it ts nearly par- 
allel with it, but running in the opposite direction. ‘Phe basal joint of 
this endopod is short and carries a single plumose seta on its inner 
margin. The second joint is the longest of the three and usually the 
widest, and carries two plumose setie at its distal end. The circular 
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terminal joint is set into the outer distal corner of the second joint, 
which is much narrowed at the end for this purpose. and it carries a 
row of six plumose sete: around its margin. The endopod is never 
armed with spines, like the exopod. in any species. 

In the third pair of iegs the basipods are widened out into a broad 
lamina, those from either leg meeting and fusing at the mid line into 
a single solid apron the entire width of the thoracic area, and often 
nearly equaling the width of the carapace (fig. 15). This forms a 
powerful Avinnning organ and at the same time assists greatly in pre- 
hension by closing the posterior edge of the carapace and enabling it 
to act as a large sucking disk. In addition to these two functions, the 
lamina is also inclined backward, and being stiff it must make a power- 
ful prop to assist in the prevention of slipping backward. The exopods 
and endopods of this pair of legs are very small and are attached to 


Fig, 14.—8ECOND SWIMMING LEG OF ADULT FEMALE CALIGUS BONITO, VENTRAL SURFACE. 


the outer margin of the basipod lamin:e, nsually some little distance 
apart. In some species, however, they are so close together as to be 
almost fused. The endopod is one or two jointed, the basal joint being 
very short and almost hidden by the edge of the lamina, while the 
terminal joint is cirenlar. The exopod is two or three jointed, the 
basal joint armed with a stout claw on its ventral surface, the two 
terminal joints being the halves of a small ellipse. In some species 
the two terminal joints are elongated and appressed close to the mar- 
gin of the basal lumina, Both rami are plentifully supplied with 
plumose set: and fringed with fine hairs. 

These first three pairs of lees are connected across the mid line by 
sternal plates which increase in width from in front backward. 
Those of the second and third pairs are fringed with hairs along their 
posterior margins, while in the first legs this margin is smooth. 
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The fourth pair of legs are very different from the others. and they 
vary greatly in the different species and genera, thus furnishing often 
a useful means of identification (see. Plates). In Cal/gus, Lepeoph- 
the/pas, and allied genera they consist of a basipod usually as long as 
all the remaining joints put together, and a one, two, or three jointed 
exopod with no trace of an endopod. 

The exopod is really always three-jointed, but in development the 
joints often become so thoroughly fused that all trace of the original 
division is lost. Each exopod joint bears at its outer disfal corner a 
sharp spine, usually straight, and the terminal joint ends in three 
spines of unequal length, the inner one being the longest. In several 
species there are short semicircular fringed laminæ at the bases of 


Fic. 15.—THIRD SWIMMING LEG OF ADULT FEMALE CALIGUS BONITO, VENTRAL VIEW. 


these spines on the ventral surface (Culiyus rapie, teres, mutabilis, 
ete.). In G/o/opots there is a continuous fringe of short. stiff spines 
along each joint, on its outer margin, 

The size and length of these legs is even more variable, and we can 
tind all gradations from the mere rudimentary stumps in the genera 
ebion and Peendocaligus up to legs which reach far beyond. the tips 
of the anal laminæ CCofégiis longipes, Lepeophtheirus longipes, Caligus 
nanus, ete). In a few species the spines on these legs are widened 
and flattened into lamina: covered with hairs (Caligus hirsutus. C. 
plotytivsi). 

The fifth legs are rudimentary and are attached to the posterior end 
of the genital segment, They consist of a short lamellar basipod, 
terminated by two or three short spines or sete (5. tig. 1). These 
fifth legs are usually more prominent in the male than in the female, 
where they are often reduced so much as to he practically lost. 
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SUMMARY. 


1. The body of the Caligids here discussed is made up of three parts 
or regions a cephalo-thorax eovered with a carapace, a free thorax of 
two segments the posterior of which is the wenital segment, and an 
abdomen of from one to four segments. 

2. The eephalon bears seven pairs of appendages, namely: Pwo pairs 
of antenne. one pair of mandibles, two pairs of maxilke, and two pairs 
of maxillipeds Each of the five thorax segments carries a single pair 
of swimming legs, those on the fifth segment being rudimentary iu 
all the genera, while the fourth pair are also rudimentary ino f/eh/on 
and Peevdocaligus. The abdomen has no appendages, but carries at 
its posterior end the paired anal kuninæ. 

3. The earapace is oval or elliptical, Articulated with its anterior 
margin are the frontal plates or modified basal joints of the first 
antennw. In six of the genera— Cofgus, Pseudocaliqus, Caligodes. 
Syuestius, Homoioter, amd. Purapetalus—these frontal plates are pro- 
vided with Junules or sueking disks. The carapace is divided by 
grooves or sutures into four areas—the cephalic. the thoraeie. and the 
right and left lateral areas—the principal grooves being arranged in 
the shape of the letter H. The posterior part of the body is usually 
much narrower than the carapace. 

d. The first antenne are very fully innervated, and thus become 
highly sensitive. The second antenne carry hooks or claws on their 
terminal joints, and are modified into stout prehensile organs. particu- 
larly large and strong in the male. The first maxillipeds are weak 
and apparently useless, unless it be to keep the mouth parts clean. 
The seeond maxillipeds are large und well developed, and, with their 
terminal claws, form the ehtef organs of prehension for holding the 
parasite on its host. 

5. The eyes are simple and paired, but are fused together on the 
median line instead of being separate, as in the Argulidæ. The mouth 
parts are modified into a proboscis for sucking up the food: the single 
pair of mandibles are concealed within this proboscis, while the two 
pairs of maxillæ are outside and free from it. The first pair are sim- 
ple, but rudimentary, and have migrated to a position near the margin 
of the carapace behind the second antenna. The second maxille are 
simple in those genera whieh have lunules on the frontal plates, but 
are bifurcate in the remaining genera. They are situated elose to the 
proboscis ou either side. 

6. Situated upon the ventral surface, on the mid line, between the 
bases of the seeond maxillipeds and the first swimming legs, is the 
furca or sternal fork, consisting of a stout chitin plate whose tip is 
bifid much like an old-fashioned bootjack. It points backward, and its 
use is probably to prevent the animal from slipping while on its host. 

Proc. N. M. vol. xxviii—04——33 
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DB. INTERNAL MORPHOLOGY. 


Body wall, The body wall is made up of three layers (1). the out- 
vide laver of chitin cells forming the exoskeleton or cuticle (c. tig. 16); 
(2), the cellular ^ hy podermis? (h); (8), the connective tissue lamina 
which lines the entire body walland supports the alimentary canal and 


S 
VrG.16,.—8ECTION OF BODY WALL OF LEPEGPHTHEIRUS PECTORALIS, (AFTER CLAUSO C, CUTICLE OR 
CHITIN EXOSKELETON; t., CONNECTIVE, TISSUE. ENDODERM; li, CELLULAR. HYPODERMIS, 


other organs (e. t.). There is no ceontiniious body cavity, but only a 
series of lacune, through which the colorless blood is driven in spas- 
modice currents. Furthermore these laeunie are so situated that no 
extensive circulation is auy where possible, but there is instead a series 
of limited cirenits which interlace with one another. 


ALIMENTARY CANAL. 


The mouth opens directly. into a short, curved asophagus, which 
passes backward between the supra and infracsophageal ganglion, 
along the dorsal surface of the latter, and enters the ventral surface of 
the stomach a little behind its anterior end. tis very narrow through- 
out its entire length aud is easily overlooked in both longitudinal and 
transverse sections (oe. fig. 17) The stomach is many times the 
width of the a@sophagus. but is only a little wider than the intestine. 
It is situated close to the ventral surface of the eurapace and stretches 
from just behind the eyes backward along the mid line at least to the 
center of the thoracie aren (st. ). 

It is somewhat wider in front than posteriorly, and is also raised 
away from the ventral surface above the posterior end of the infra- 
wsophageal ganglion, This raised end is produced into a median lobe 
or cecum, reaching forward over the cesophagus and between the 
ovaries or testes. The stomach tapers uniformly toward the posterior 
end, where it opens directly into the intestine (i). There is a con- 
striction at this point like the beginning of a sphincter muscle, but the 
opening ean not be closed. The intestine, therefore, isa direct continu- 
ation of the stomach; ICerlarges considerably just back of the stomach, 
then contracts in the fourth thoracie segment, enlarges again in the 
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genital segment, contracts as it enters the abdomen, enlarges in the 
abdomen, and contracts finally to form a short rectum in front of the 


FIG. 17.—LONGITUDINAL SECTION 
OF LEPEOPHTHEIRUS SHOWING 
RELATION OF INTERNAL OR- 
j (AFTER A. SCOTT.) a, 
b. &, BLOOD SPACE; C, 
FILAMENT DUCT; €. g., FILA- 
MENT GLAND; d, DUCT OF DI- 
GESTIVE GLAND; €, EY E; i, INTES- 
TINE; m, MOUTH; ml., MUSCLE; 
n, VENTRAL NERVE; 0, OVARY; 
oc., (ESOPHAGUS; T, RECTUM; 
sbg., ' SUB(SOPHAGEAL GAN- 
GLION; Spg.,SUPRACESOPYIAGEAL 
GANGLION; st., STOMACH. 


anus. The latter is terminal and situated be- 
tween the anal Jamin (fig. 15). 

At the anterior end where it leaves the 
stomach the intestine is on the ventral sur- 


Fic. 18.—THE DIGESTIVE SYSTEM OF CALIGUS 
RAPAX; CIHALIMUS FULLY GROWN. g g, DI- 
GESTIVE GLANDS; i, INTESTINE; 0, OVARY; 
T, RECTUM; 8, STOMACH. 


face and it remains there till it passes into the genital segment. 
Here it lies close to the dorsal surface and remains there until after 
it enters the abdomen, where it turns downward and occupies the center 


of the body. 


In transverse sections of young males and females the stomach and 
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intestine appear circular in outline, But as development progresses 
and the reproductive organs mature, they gradually enevoach upon the 
digestive tube and compress it. The ovaries or testes being located 
above the anterior part of the stomach. push the latter together side- 
wise and also push it downward, the result being that it assumes the 


Fig. 19.—TRANSVERSE SECTION OF LEPEOPHTHEIRUS IN THE REGION OF THE SECOND MAXILLIPEDs, 
(AFTER A, Scott.) D, S, BLOOD SPACES; €, CHITIN EXOSKELETON: M, MUSCLE; MIXp., MAXILLIPEDS; 
n, VENTRAL NERVES; 0, OVARY, 0. we. — S, STOMACH. 


form of a triangular prism, with one of the angles toward the dorsal 
surface (tig. 19). 

In the genital segment, on the contrary, the convolutions of the ovi- 
duct are below and outside of the intestine, and consequently push it 
together sidewise and upward. The result is again a triangular prism, 
hut this time one of the angles points downward and a flat side is in 
contact with the dorsal surface (fig. 20). By the time the sexual 
organs are fully mature there has been a strong compression of the 
digestive organs. 


Fic, 20.—CRaos8 SECTION OF THE GENITAL SEGMENT OF A LEPEOPHTHEIRUs, (AFTER A. SCOTT.) 
b. S., BLOOD SPACE; C. g., CEMENT GLAND; in INTESTINE; M, MUSCLES; D, NERVES: od., OVIDUCTS 
OVa OVA, 

The wall of the digestive canal ix not smooth, but is constrieted trans- 
versely at fairly regular intervals. When examined in the living 
animal this wall is seldom at rest, but shows a series of peristaltic 
movements passing intermittently along from the stomach to the 
intestine, or vice versa. The action usually continues in the same 
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direction for some time and is then reversed, Under its influence 
the contents of the stomach and intestine are thoronghly mixed and 
brought in contact with every portion of the digestive surface. As 
there is no valve between the stomach and intestine, the contents of 
the two can pass back and forth without hindrance. 

The alimentary canal is lined with endoderm, which is continuous 
with the eetoderm at the mouth andanus. While the general structure 
of this endoderm is distinct from that of the ectoderm, there does not 
seem to be very mneh differentiation in the different body regions. 
It is almost exactly alike in structure. throughout its entire length. 
But in both the stomach and intestine it is thrown up into longitudinal 
folds which inerease the digestive 
surface, 

In both Caligus and Lepeophtheirus 
these folds increase in size as they 
pass backward from the anterior end 
of the stomach and attain their maxi- 
mum in the genital segment, after 
which they decrease toward the rectuin. 
Connected with these folds and usu- 
ally most abundant alongside their 
crests are numerous gland cells; which, 
doubtless. secrete a digestive juice, 
since they stain differently from the 
remainder of the endoderm. 

Connected with thisalimentary canal 
are two pairs of digestive glands, 
which probably function something 
like the salivary glands and the liver 
im er cama Doo | UNM) AMUN Ive 0 esee TIVE GEURDSC a Remon 
sitnated inthe anterior partof the carna- — trmevs. (Arter A. SCOTT.) d, peers, 
Dicen is madenpof three portions. fo Scarce pana 
The smallest of these is median, and 
situated just in front of the mouth tube, The other two portions ave 
larger, and are located. sometimes close to the lateral margin of the 
carapace, just behind the first antenne (Lepeophtheirus pectoralis, gt. 
fig. 21). sometimes much nearer the median line (Cu/igus bonito), X 
duct (d) extends from the anterior portion of each lateral division 
across to the side of the median division, and the latter gives off at its 
posterior end, just below the «esophagus, a third dnet, which passes 
backward and enters the anterior end of the stomach. 


The second pair of digestive glands (g) is situated at about the 
eenter of the thoracic area, on either side of and close to the median 
line, and about opposite the posterior end of the stomach. 
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Both pairs of elauds are dark brown in color, but while the 
first pair are partially or wholly concealed among the muscles and 
appendages of that portion of the carapace. the second pair stand out 
conspicuously in. dorsal view, since. they are close to the dorsal sur- 
face. In some species they are quite small and shaped like a comma, 
the large, rounded body Lying upon the upper surface of the intestine. 
while the curved tail bends around laterally to the ventral surface of 
the intestine. where it gives off a duct leading to the posterior end of 
the stomach, 

This is the condition in Lepeophtheirus pectoralis, while in Culégus 
rapar the gland is much. larger. horseshoe-shaped, and entirely free 
from the intestine, though lying close to it. Phe duct here is given 
off from the outer arm of the 
horseshoe, turns downward and 
then forward to enter the stom- 
ach (fie. 22). 

In many of the other species 
and genera these glands are of 
a decidedly different shape if the 
brown bodies visible in the tho- 
racie areas are any criterion. 
Thus by a reference to the plates 
of the new species here published 
it will be seen that in ZepeopA- 
theipus edwardsi, L. longipes, 
L. chilensis, and L. pareirontris 


as well as in Culiyus pelamydis 
these brown spots show as quite 


regular oval ov elliptical bodies 


flattened on the inner sides. In 
Fra. ee TEOT Dole GLANDS OF ALIGIS (loiopoti S ornatus they are very 
RAFAN. d, DUCT? g, GLAND; M, MUSCLES; S, STOMACIL . " Š 
regular ellipses without being 
flattened at all. In Caligus bonito they are very small and seem fused 
on the mid line into a bean-shaped body. In three species of Caliyus— 
latifrons, evilis, and el iuncens—they ave comima-shaped with the small 
end pointing forward, and in the last species also oniward, In (gyus 
mutabilis they ave even unlike in the two sexes, having a club-shape 
in the male, the two clubs being strongly curved with their smat ends 
toward the front and their concave sides toward each other. In the 
female they have the shape of a spherical triangle, the apices pointed 
backward, with a small spherical enlargement ou the outer side at 
about the center. 
In Lepeophtheirus hippogloss’ they have the form of paragraph 
marks placed back to back, In the male of Cof gus schistonyr they 
show up as hatehet-shaped bodies, widely separated. and the handles 
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pointing diagonally outward. And finally in Cuf/ges ferex and Lepe- 
ophthe Eus dissimulatus they appear to be made up of two parts, ditler- 
ing considerably in size, the smaller part being anterior in the Cuf/gwus 
and posterior in the Lepeophtheirus species. A section of one of these 
glands shows it to be divided into small lobules much like a pancreas, 
and in the center of each lobule can be seen the divisions of the duct 
for collecting the secretion. 


THE BLOOD AND CIRCULATION. 


The blood is made up of a colorless fluid in which floats numerous 
corpuscles also colorless, These corpuscles are of different sizes and 
shapes and are even capable of being changed in shape to accommodate 
the diameter of the spaces throngh which they pass. There is no 
heart nor blood vessels of any sort. The cirenlation is entirely lacu- 
nar, and consists of an irregular pulsation or streaming of the blood 
back and forth through the spaces left around the internal organs and 
innseles, and between the bands of connective tissne in the body wall. 
The propelling agent of these blood streams seems to be the peristaltic 
movements of the alimentary canal and the respiratory movements of 
the rectum, And since the peristaltic movements pass from the 
anterior to the posterior for a portion of the time and then are 
reversed, so in like manner the blood streams continue to flow in one 
direction for a short time and then slacken and reverse. And, again, 
since the movements of neither the intestine nor the rectum are uni- 
form or continuous, so those of the blood current are spasmodic and 
irregular. Often also, particularly at the times of slackening prior to 
reversal, the motion consists of a simple oscillation back and forth. 
without any definite movement in either direction. 

The course of the blood streams varies so much in the ditferent spe- 
cies that it would be necessary to describe each separately. The only 
descriptions given are for Caligus enrtus by Pickering and Dana (1535). 
and for Lepeophthe/rus pectoralis by A. Scott (L901), and these vary in 
many essential particulars. 

The following general statements will apply to all the species so far 
observed. There is a central current along the median line under the 
alimentary canal. A pair of lateral currents start from the region 
just behind the eyes. and each flows outward and backward to the tip 
of the lateral lobe on its side. [t then turns forward along the lateral 
margin of the carapace till it reaches the muscles connected with the 
mandibles where it turns toward the median line. 

A second pair of lateral currents start from nearly the same region, 
course backward through the thoracie area and the free segment into 
the genital segment. Here they turn outward, following the repro- 
ductive organs to the posterior end of the segment, where they turn 
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around inward and meet on the median line beneath the intestine. 
The general course of these main currents is the same, but the details 
differ greatly. As Pickering and Dana well say, they ‘tare merely 
main directions, and the blood flows into them or from them through 
all their extent.” The points where the main currents break up into 
smaller currents and the courses of the latter also vary greatly. Piek- 
ering and Dana describe in. (aigus curtus two points upon the median 
line where there is a valvular action, functioning somewhat as a heart 
in this circulation. 

One of these is situated at the apex of the posterior thoracic joint: 
there are here three valves, one in the center ventrally and one on 
either side dorsally, the dorsal and ventral valves opening alternately. 
The pulsations are regular, and from 20 to 40 a minute. The secoud 
point is between the basal joints of the second antenne. (Pickering and 
Dana call them the first maxillipeds.) Here there is a single inembra- 
nous valve playing back and forth and thus preventing the return of 
the blood that has passed it in either direction. 

It must not be inferred that these two descriptions are characteristic 
of the two genera and that Ci//gus species have the valves. while 
Lepeophtheirus species do not. This would not be true; the descrip- 
tions merely serve to indieate the amount of diversity to be found in 
the details of circulation. 

After examining a larger number of species while alive it may he 
found advantageous to publish these details in a future paper. 


RESPIRATION. 


‘There are no independent organs of respiration, but Hartog, in 1880. 
described the anal respiration in Cyclops, Canthocamptus, and allied 
genera. and suggested that the blood of these parasites may be aerated 
in the same way. That this is the actual condition the present author 
lias proved in several instances. And first, as noted by A. Scott (L001, 
p. 21). the chitin exoskeleton is so thick over nearly all the body that 
very little aeration could be effected through it, while the endoderm 
lining the rectum is thin enough for this purpose. 

Then there are the necessary muscles for such respiration, dilators 
running from the abdomen wall to the rectum, while the peristaltic 
movements, common to the rectum as to the rest of the alimentary 
canal, serve for the contraction, These dilator muscles are figured by 
Clans (15864). for Lepeophtheirus thompsoni (which he calls (uliyus 
branchialis) in Plate XXXIII. tip. 5 of his memoir They are said to 
he present in Lepoophithe ‘rus pectoralis bhy A. Seott (1901. pez Urani 
they have been observed by the present author in Lepeophthe/rus 
cd'irardsé and in Caligus rapar (fig. 28) und C bonito. These facts 
create a strong presumption in favor of the existence of such respira- 
tion, and it was only left to actually observe it in the living animal. 
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Such observation has been made in the three species last named and 
the respiration was seen to be exactly like that deseribed by Hartog 
for Cyclops, save that it was not as regular. 

It ean be seen to best advantage in late chalimus stages, in which the 
walls of the abdomen are usually very transparent, while the movement. 
itself seems more vigorous. 

When the rectum contracts during peristaltic movements there is 
left only a linear cavity along the mid line. Then the dilator muscles 
immediately pull the rectum out to its full width, at the same time 
opening the anal valves for an instant. This action fills the rectum 
with outside water. which 
then operates by endos- 
mose throngh the thin rec- 
tum wall. 

This same method of res- 
piration is as normal to the 
nauplii of these parasitic 
forms as it is to those of 
the free-swimming genera, 
and the anthor has repeat- 
edly observed it also in the 
metanauplius of Culigus 
rapar and in the chalimus 
of the same species, as well 
as those of Culigus curtus 
a aa a aa 
wardsi. The fact that it 
is thus the only method of respiration throughont the period when the 
legs are as yet undeveloped, and that all the muscles concerned in it 
remain in the mature form, furnishes strong circumstantial evidence 
that it is the method also in the other forms here described, but in 
which it has not as yet been actually observed. 


MUSCULAR SYSTEM. 


Copepods belonging to the genera here considered are as a general 
rule so transparent that their musculature can be determined with very 
little effort. And then the muscles are so. plaiuly striated that there 
is very little danger of mistaking them for any other tissue. Indeed, 
the striation in the muscles of Caligus curtus were among the very 
first observed in any animal, and their discovery here by Pickering 
and Dana was about contemporaneous with that in human muscle by 
Doctor Hodgkin. (Pickering and Dana, 1525. p. 581. footnote.) 

The frontal plates are flexed by two short and slender muscles, situ- 
ated in nearly the same place in all the genera, directly behind the 
lunules, attached to the posterior portion of the plates. and running 
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backward and inward. ‘They bend the frontal plates downward, and 
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thus assist in attaching the blunules (a. figs. 24 and 25). 


— 
TATEA 


—1 


Pig, 2L—MUSCULATURE OF A MALE (CALIGUS CURTUS, (AFTER 
PICKERING AND DANA.) a, PLENORS OF FRONTAL PLATES, h, 
Nee (gla MUSCLES PRODUCING FLEXION EETW THE CEPHATAXN 
AND THORAX; ©, EXTENSOR IEE , GENITAL SEG- 

MENT AND ABDOMEN, in EXTENSORS BETWEEN THE GENITAL 

SERHMENT AND ABDOMEN? £, PRODUCE FLEXION BETW THo- 

RACIC AND LATERAL AREAS; hr i; MOTOR MUSCLES OF THE NEU- 

OND AND THIRD LEGS; 1, MANDIBLE MOTORN. 


Theve are three pairs 
of museles which operate 
in producing flexion be- 
tween the cephalon and 
the thorax along the 
eross-burof the H-shaped 
already de- 
The shortest of 
these three pairs are the 
median 
line and nearly parallel 
with it (b). 
pair ave very much larg- 
er and extend from the 
middle of the eross-bar 


U EON 


seribed. 
nearest to the 


The second 


frontward and outward, 
at un angle of 45 degrees, 
to the very edge of the 
carapace (e). 

"The. third pair are 
again nearly parallel with 
the mid line but much 
farther away fromitthan 
the first pair (d). 

The muscles for the 
extension of the free 
(fourth) thovax segment, 
the genital segment. and 
the abdomen arise side 
by side in pairs near the 
median dine in the pos- 
terior portion of the 
thoracic aren (e). The 
outer pair are the short- 
ext and terminate near 
the center of the fourth 
seement, controlling the 
movements of that seg- 
ment, The pair next in- 


side of these are the longest and extend through the genital segment 


and into the abdomen. 


The third or inner pair terminate in the genital segment, 


[n connection with these we find shorter museles farther back aris- 


ing near the center of the genital segment and terminating dn the 


NO. 1401. PARAS WILSON. LES) 


abdomen (f) These of course produce flexion between the two 
segments in which they are situated. 

The combined action of all these muscles produces a lateral motion 
of the posterior segments of the body, flexion, extension, or a telescopic 
contraction of the different body regions. — In addition to these muscles 
the thoracic area on either side of the mid line is provided with a 


Fig, 25.—MUSCULATURE OF A MALE LOMOIOTES PALLIATA, a. FLEXORS OF FRONTAL PLATES: b, c. d 
MUSCLES PRODUCING FLEXION BETWEEN THE CEPHALON AND TIIORAX; (6, EXTENSORS OF FREE SIS- 
MENT, GENITAL SEGMENT AND ABDOMEN; f, EXTENSORS BETWEEN THE GENITAL SEGMENT AND ABDO- 
MEN; g, PRODUCE FLEXION BETWEEN THORACIC AND LATERAL AREAS, h, i MOTOR MUSCLES OF THE 
SECOND AND HIRD LEGS; j, ELEVATORS OF THE MOUTH TUBE; k, MOTOR MUSCLES OF MOUTH TURE: 


lis MANDIBLE MOTORS; M, MOTORS OF SECOND. MAXILL.E. 
number of muscles; some extending forward, others backward. and 
still others Interally. A few of these wre for producing flexion between 
the thoracie and lateral areas and assisting the three pairs already 
deseribed in flexing the thorax on the eephalon (œ). Ht is the combined 
action of these muscles whieh arches or depresses the carapace, and 
which makes of it an organ of prehension in the form of a luee, suck- 
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ing disk. But by far the larger portion of these thorax muscles are 
the powerful locomotor agents which operate the second (h) and third 
(i) swimming lees and make of them the chief propelling organs. 

Each of the appendages and the month tube are also plentifully sup- 
plied with muscles, both flexors and extensors, and a good idea of the 
service performed by each may be obtained from an examination of its 
musele supply. The anterior antennw have two extensors and one 
flexor. The powerful muscles used in the second. antenne for clasp- 
ing are quite similar to those in the second maxillipeds (fig. 26) and 
nearly fll the basal joint. 

They are mmeh larger and stronger in the male than in the female. 
We have already seen that the appendages themselves are larger in the 
male and form the chief organs for clasping. 

There are four short and narrow muscles attached to the hase of the 
prohoscis framework by means of which the 
latter may be elevated. toa right angle with 
the ventral surface (j). Other muscles extend 
posteriorly and laterally and assist iu the ele- 
zation or depression of the tube when suck- 
ing up food (k). 

The muscles controlling the mandibles are 
surprisingly large and strong and fairly prove 
that these appendages are vigoronsly used in 
the process of eating. whieh is hardly con- 
celvable if the creature feeds on mucus. 
They extend ontward and backward obliquely 
to the very margin of the carapace abont 
opposite the first pair of legs (1). 

. In the female the muscles of the first max- 
Fun wL—MUsecnarenE or mum ie areas small and degenerate as the maxillie 
eiae earam OP CS themselves: but in the male they are much 
better developed and must give these append- 
ages a strong clasping power. The museles of the second maxillie are 
better developed than those of the frst, and they are larger and stronger 
in such genera (Lepeophtheirus, ete.) as have these appendages bifur- 
cate (m). 

The muscles of the first maxillipeds are very meager in both quantity 
and quality, and, with the weak structure of the appendages, show 
plainly that they are not of much service to the animal. And Picker- 


ing and Dana are probably right when they bestow upon them the 
appellation “rudimentary. ™ A good idea of the musculature of the 
second maxillipeds can be obtained from fig. 26. These are the prin- 
cipal clasping organs, and the muscles which operate them are both 
large and stout, particularly the flexor of the terminal claw. The 
first three pairs of feet possess a complicated musculature, as is well 
shown in tig. 25, which makes them powerful propelling organs. 


U. 2 
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But the fourth pair, even in those species in whieh they are rela- 
tively large (Lepeophtheirus longipes, ete), are notably defective in 
muscles. Henee, they can be but little used by the copepod, and the 
genera (Psendoca/ igus, Moro). in which they are reduced to mere 
rudimentary stumps, can not suffer much inconvenience from their 
loss. The muscles of the alimentary 
‘anal and those used in respiration have 
been already deseribed. 


NERVOUS SYSTEM. 


The nervous system is composed of 
two central ganglia and the paired nerves 
which arise from them One ganglion 
lies above the esophagus and the other 
below it, but the lateral eonmnissures con- 
necting the two are so large that it would 
be more strictly correct to speak of the 
ganglia as fused together with a small 
opening through the center for the pas- 
sage of the @sophagus (Pickering and 
Dana, p. 89). The upper. supracesopha- 
geal ganglion or brain, is about half as 
large as the lower and gives otl from its 
anterior end three pairs of nerves (fig. 
9T). 

The first or inner pair (I) are optic 
nerves and arise from a small optic lobe 
produced on the dorsal surface of the 
ganglion. 

They are very short and their roots 
cross so that each eye is supplied by 
fibers from both sides of the brain. 

In Lepeophthecrus the second pair (2) 
arise just outside the first and go to the 
first antenne. They are mueh larger 
than the preceding pair and sulidivide 
intoa number of branches, which supply 
Hort ghe pliiiiose sae npon the usa] Pst feo Nervo Teno A Lepsonme 
joint and the simple tactile setæ upon the Bo: orn eee 
terminal joint. From the size of this nerve and the detail with which 
every seta is innervated it is very evident, as A. Scott has well stated, 
that these first antennz are important sensory organs. A branch 
from this second pair of nerves extends inward to the gland which 
secretes the filament for attachment during the chalimus stage. This 
branch is not noted by Scott, but is mentioned by Pickering and 
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Dana; but the latter are, of course, mistaken in interpreting the gland 
itself as nervous tissue. Furthermore, the second nerves in Cudiges 
curtus (lig. 285, 2), which Pickering and Dana are describing, go. not to 
the terminal joints of the first antenne, but to the frontal plates, and 
thus correspond with the fifth pair deseribed by Scott. The present 
author has not had an opportunity to examine either of the species 
described by these authors, but from 
an examination of other species of both 
genera it is fairly certain that the 
branch spoken of comes from the sec- 
ond pair of nerves, although its desti- 
nation may vary slightly in. different 
genera. The remaining third pair of 
nerves (2) arise from the angles of the 
ganglion outside the second. pair and 
pass to the second antenna. They are 
larger than the second pair, which 
would seem to indicate the importance 
of these second antenne as organs of 
prehension. In their passage to the 
second antenne these nerves pass under 
the second pair. 

These are all that are given off by 
the upper ganglion, From the frontal 
and lateral margins of the lower gam- 
elion arise seven pairs of nerves, while 
three other pairs are given off from 
the posterior end and form a sort of 
spinal cord, thus making thirteen pairs 
in all (tig, 25). The ten pairs from the 
lower ganglion supply the remainder 
of theappendagesand the body muscles. 
The first of them, the fourth pair (4) 
in sequence, arise near the center of 
the anterior margin, and pass along the 


muscles of the csophagus until they 
reach those of the mandibles near the 
base of the mouth. We have already 
stated that the mandible mnseles were surprisingly large. These 
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nerves are also of good size. 

The fifth pair (5) have their origin near the anterior angle of the 
ganglion and pass forward to innervate the frontal plates, running 
under the nerves going to the first and second antenne. 

Three other pairs, the sixth, seventh, and eighth. arise close together 
in Lepeophtheirus at the anterior angle jnst outside the fifth pair. 
The sixth pair (6) innervates the first maxillæ, the seventh (7) the 
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second maxille, and the eighth (8) the muscles of the lateral area of 
the carapace. 

The ninth nerves (9) arise from the anterior lateral margin as a 
single pair, each of which soon subdivides into four branches which go 
to the first maxillipeds and adjacent muscles. 

The tenth pair (10) have their origin in the posterior part of the 
lateral margin and, subdividing into three branches, pass to the second 
maxillipeds. These nerves are very large and indicate again the 
importance of the appendages to which they go as prehensile orguns. 

At the posterior end of this ventral ganglion are given off the 
eleventh, twelfth, and thirteenth pairs. The eleventh pair (11); which 
are on the outside, go to the first legs and adjacent muscles. The 
twelfth or middle pair (12) innervate the second legs and the muscles 
of the thoracic area of the carapace. The thirteenth or inner pair (13) 
are so close together as to be distinguished with some difliculty. They 
extend backward side by side along the mid line of the body, through 
the free segment and into the genital segment, where they separate 
considerably, passing into the abdomen at about the centers of the 
right and left halves. Each nerve vives off a branch to the third and 
fourth swimming leg on its side. a large branch in the genital segment. 
which courses along the lateral margin and terminates in the fifth lee. 
and on entering the abdomen divides into two branches. one passing 
to the anus and the other to the anal lamina. 

In Cufégus the structure and arrangement of the ganglia and their 
nerves is almost identical with that in Lepeophtheirus, but the distri- 
bution us given by Pickering and Dana for C. curtus ditlers in several 
particulars, 

.Of the three pairs given off by the superior ganglion the first is the 
sune, but the second goes to the frontal plates, while the third voes to 
the terminal joints of the first antennæ. On the inferior ganglion an 
extra pair arise close beside the fourth pair, which innervate the pro- 
boseis. The fifth pair go to the second antenne instead of the frontal 
plates. AH the other pairs are identical, save that the sixth. seventh, 
and eighth pairs are united at their roots and appear as branches of a 
single nerve rather than three separate pairs. There is also an extra 
pair close to the tenth which help to innervate the second maxillipeds. 
Thus, out of thirteen pairs ten are identical in the two genera, while 
the other three innervate the sume regions but are interchanged, the 
nerve entering the frontal plates being first in Cyrus and last in 
Lepeophtheirus. ` 

It must be remembered that Pickering and Dana mistook the nature 
of several of the appendages, notably the antenne. They understood 
that the first antenne, or their rudiments, were situated in the central 
incision of the frontal plates, while the actual first antenne they con- 
sidered as the second, and they called the second antenne the first 
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manxillipeds. Their judgment of the course taken by the several nerves 
may well have been biased by these mistakes. The present author 
has had no opportunity of verifying or disproving their statements by 
an examination of the same species. 

The similarity in the structure and use 
of the appendages of all the genera here 
considered renders it probable that their 
innervation is practically the same, differ- 
ing only in minor details. 


REPRODUCTIVE ORGANS. 


These consist in the female of a pair of 
ovaries, a long, more or less convoluted 
oviduet conneeted with cach, a pair of 
semen receptacles, glands for secreting the 
material of the external eve cases and 
these cases themselves (fie; 29 


BN 


JR 


The ovaries (0) are large oval or kidney- 


shaped bodies situated on either side of 
the anterior portion of the dorsal surface 
of the stomach. When fully developed 
they extend from the first swimming legs 
to the base of the second maxillie and can 


ll 


[ec 


be plainly seen through the carapace in 
dorsal view. Each gives off an oviduct 
(o. d.) from the ventral surface at the im- 
terior margin (fig. 30). "Phis duet runs 
backward in nearly a straight line through 
the thoracic area, the free segment, and into 
the genital segment. As soon as it enters 
the latter it increases quickly in sizeand also 
beeomes convoluted. The number and ar- 
rangement of the convolutions vary consid- 
erably in the different species as well as the 


yim Hike mepanberchep o DOROTSHS Hertha odios Enn consulting figures. 
ORGANS or CALIGUS BONITO, In general, the convolutions attain their 
(DRAWS BY EMEETON J IUTE. 2 — oa A — 
oe oe asu Maximum number and size just before the 
EGG CASES; O, OVARY; o.d., OVI- extrusion of the external Coe Cases. and as 
DEPECR Tr SEMEN ECE goon as the latter are Ui aermmed athe 

oviduct has become nearly straight. This condition is retained at 

least for some time subsequent to the hatching of the eges and the 


throwing off of the eee tubes. since the adult females are often found 
in the condition shown in fig. 31. 

On the ventral surface of the convolutions can be found an oblong, 
nearly transparent gland, closed at the anterior end, and at the poste- 
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ath 


rior end connected with the oviduet just in front of the external open- 
ing. This organ is a cement gland (c. œ., fig. 29) and secretes the 


Y 
Iz 


material forming the external eg 
tubes. 

This is undoubtedly “the flat, cylin- 
drical organ, usually as broad as the 
external oviduct, and lying along the 
central portion of the abdomen,” re- 
ferred to by Pickering and Dana, and 


whose function they could not in- 


terpret. 
Its shape differs considerably 


different wenera and species, and will 
be described for each, so far as known. 

The general features, however, are 
the same for all species. It consists 
of a long and flattened tube, which is 
decidedly clib-shaped in most species 


and reaches forward nearly to the 


in the 


; » E Fic, 20.COvARY OF CALIGUS BONITO 
rather than cylindrical It is usually ENLARGED, 0. d., OVIDUCT. 


inclined inward toward the mid line 


anterior margin of the genital segment. 


The lamen of the tube is narrow and surrounded by a very thick 


FIG, 8L.—GENITAL SEGMENT OF LEPEOPH- 
THEIRUS EDWARDSI JUST AFTER THE 


HATCHING OF THE fF ANP THE 
THROWING OFF OF THE EGG-CASES, 0, UL, 
OS UTERI; 1., UTERUS, 


lumen of the tubule, and whic 


through the walls and pass into 
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and transparent wall. It is further 
divided into flattened cells by trans- 
verse partitions, the cells being 
strongly rounded at the edges und 
thus looking very similar to the eggs. 
So great is this resemblance that the 
elands, though perfectly visible in 
many species, are easily mistaken for 
a part of the convolutions of the ovi- 
duet. But they can be easily dis- 
tinguished by the faet that in most 
species the central himen is consider- 
ably narrower than the oviduct, while 
in all species the anterior end is 
closed. 

In sections the ovary is seen to be 
made up of a long, narrow tubule 
coiled u» into a dense snarl or skein. 
The tubule is made up of a structure- 
less membrane lined. with germinal 
epithelium. The latter wives rise to 
the eves, which are formed in the 
h. when sulliciently developed, break 
the oviduct. 
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At first they are very small. simply nucleated cells, transversely 
oblong, and not quite Gling the Immen of the narrow portion of the 
duct (c, fig. 32). As they pass backward they increase in size and 
gradually acquire a vitelline membrane somewhere in the posterior 
thoracte area, The cell contents dso become tinely granular with yolk 
particles, so that on emerging into the genital segment and suddenly 
increasing in diameter, the cells fuse somewhat and appear as a con- 
tinuous granular mass In whieh it is practically impossible to distinguish 


either cell wills or nucleus (e. fig. 32). Very quickly, however. this 


= 


mass begins to diferentiate 
again Into separate egos, in 
each of which the yolk or 
nutrient material separates 
from the white or animal 
material. The eggs are now 
flattened together more and 
more strongly through the 
pressure generated by their 
growth and finally. become 
biscuit-shaped as they ap- 
proach the external open- 
ine (b). This posterior por- 
tion of the oviduet is called 


by Rathke the uterus (n, fie. 
31), and Claus remarks that 
the name is well applied, 
since the eggs remain here 


a long time. The oviduct 
is considerably narrowed 
just before reaching the 


external opening. and the 


eges must be altered in 


ype as Ly pass ouw 
Fie. 82,—GENITAL SEGMENT OF CALIGUS RAPAX, b, EGGS shap n the Mea throug h. 


FULLY FORMED AND READY TO BE PUSH ED OUT INTO THE During the passage each 
EGG CASES! C, EGGS AS SIMPLE NUCLEATED CELLS WITH- i 
OUT ANY YOLK; C, EGGS AF EXTRUSION AND FERTILI- 
ZATION? g, EGGS FUSED TOGETHER JUST AFTER ACQUIRING from the spern receptacles, 


pe mag ND whose diet opens into the 
oviduct very close to the external opening. 

This opening of the oviduct to the exterior. which to follow out the 
nomenclature of Rathke and Claus might well be called the os uteri 
(o. UL. fie. 31) is situated on the ventral surface of the genital segment 
very close to the posterior end. and usnally just above the rudimen- 
tary fifth legs. 

On emerging to the exterior the eggs suddenly widen to nearly 
twice their former diameter, and are correspondingly diminished in 


eve is fertilized by sperm 
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length (e.. fig. 82). In addition to forming a cylindrical tube in which 
the eges are arranged like a roll of lozenges, the cement gland. also 
pours out a layer of its secretion between every two adjacent eves. 
This forms a membranous partition and divides the egg tube into a 
series of narrow compartments, in cach of which is a single ege. which 
does not quite fill the space, leaving room for the subsequent develop- 
ment of the larva. 

The spermaries or sperm receptaeles (s. r.) consist of a suck on 
either side extending from the os uteri obliquely inward and forward 
to the median line where it joins its fellow from the opposite side 
(fig. 33). A canal, the vagina (va. ) leads diagonally baekward and 
inward from the center of the posterior margin of each sack and opens 
to the exterior on the posterior margin of the genital segment along- 


FIG. 33.—SEMEN RECEPTACLES AND VAGINA OF A FEMALE LEPEOPHTHEIRUs. (PARTLY AFTER CLAUS.) 
€. E. CEMENT GLANDS; d, CEMENT GLAND DUCT; C. C., EGG CASES: 5, SFERMATOPHORES; 8, T., SPERMA- 
RIES; Y, VULVA! Vit, VAGINA: 5, FIFTH LEGS. 


side the mid line. This is the vulva or sexual opening (v.) and. just 
inside it the vagina is enlarged considerably for the reception of the 
spermatophores (s.). These spermatophores are white in color for 
nearly all the species. They do not always enter the vulva, but may 
often be found upon the external surface, usually in the immediate 
vicinity of the vulva but sometimes elsewhere. On species like Zep- 
ophtherrus edwardsi and Caligus rapar which are well pigmented they 
show up very prominently against the dark background. 

A single copulation takes place just after the close of the ehalimus 
stave, and at that time these semen receptacles are filled by the male. 
Their contents probably suflice for the fertilization of all the eges the 
female luvs, during her entire life. 

The sexual organs of the male are very similar in position und ar- 
rangement to those of the female (fig. 34). They consist of a pair of 
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testes, a long vas deferens leading from each, and a pair of spermato- 
phore receptacles in the genital segment. The testes (t.) are ovate or 
conical bodies situated in. positions corresponding exactly to those of 
the ovaries. 

They are considerably smaller than the ovaries and each gives off 
from tts anterior end a duet. the vas deferens (v. d.), which leads 
directly backward without any convolutions into the genital segment, 
Here it enters the outer border of the spermatophore receptacle (s. r.) 

at or posteriortoitscenter, Euch 

receptacle is oval or elliptical in 

HX shape, situated about in the een- 

ter of its own half of the genital 

segment, and opens to the exter- 

ior near the posterior angle of 

the segment. On the ventral 

surface of the receptacle, ora 

little to one side of it. is a small 

cement gland (e. œ.) which se- 

eretes the viscid substanee com- 

posing the covering of the sper- 
matophore. 

In the receptacles the sperms 
are gathered into oval spermato- 
phores, each of which is covered 
by the viscid secretion from the 
cement gland, in which condition 
they are pushed out of the re- 
ceptacle and into the vagina of 
the female. As A. Scott re- 
marks, the spermatophores do 
not always reach the vagina. and 
being viseid they stick to the 
females body wherever they may 
touch it. We thus often find 
them scattered in little bunches 
or clusters in various. places all 
over the ventral surface in among 
the appendages. This was probably what the earlier observers mis- 


DWARDSI C. K., CEMENT GLAND; 0, OPENING 
PHBE SPERMATOPHORE RECEPTACL Penola Qu bs 
EXTERIOR: Í, TESTIS; V. (l, VAS DEFERENS, 


took for eggs, after they had decided that the true egg sacks were 


antenme, 
SUMMARY. 


I. The body wall is made up of three layers, the outside cuticle, 
the median cellular tissue, and the inner connective tissue which 
forms a unina supporting the various organs. 

2. The alimentary canal is practically a straight tube running from 
the mouth to the anus, with the regions but slightly differentiated in 
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structure. It is made up of a narrow esophagus, a very much wider 
stomach, a long and wide intestine, and a short and narrower rectum. 
Connected with the canal are two pairs of digestive glands, one pair 
in the anterior portion of the carapace near the margin, and the 
other in the thoracic area near the mid line. 

3. The alimentary canal is constricted at fairly regular intervals, 
and in the living animal is in almost constant peristaltic movement, 
the waves passing alternately backward and forward. 

4. There is no heart nor any organs of circulation. The blood is 
driven about through the lacunæ between the internal organs by the 
peristaltic movements of the alimentary canal just referred to, and by 
the respiratory movements of the rectum. In Culigus curtus Picker- 
ing and Dana discovered valvular action at two points, the apex of 
the posterior thoracic joint and between the basal joints of the seeond 
antennas No valves have been thus far seen in other spectes. 

5. Respiration is anal, the posterior portion of the rectum being 
supplied with the necessary muscles for the pulsating movement. 

6. The muscular system is very highly developed, and can be seen 
clearly through the transparent covering, Al} the muscles are plainly 
striated, 

T. The nervous system consists of a supra- and an infra-esophageal 
ganglion connected by stout commissures, and the paired nerves arising 
from them. There is no spinal cord nor any ventral chain of ganglia. 

8. The female reproductive organs consist of a pair of ovaries situ- 
ated on either side of the dorsal surface of the stomach. From each 
an oviduct leads back in neatly a straight line into the genital segment 
where it is strongly convoluted, and finally emerges to the exterior at 
the posterior margin of the segment. The oviduct is narrow at first 
and the eges are simple nucleated cells, On entering the genital seg- 
ment the duct widens suddenly and its contents become finely granular 
with yolk particles, and more or Jess fused. But the eges quickly- 


ao 


separate and clear in. the convolutions, and finally emerge in a long, 
single row of lozenge-shaped forms, each occupying an apartment of 
its own in the external egg cases. The eges are fertilized as they issue 
from the genital segment by sperm froma pair of sperm receptacles 
situated in the posterior part of that segment. 

9. The male reproductive organs consist of a pair of testes smaller 
than the ovaries, but situated in an exactly similar position. From 
each a vas deferens leads back into the genital segment, and there 
enters one of a pair of spermatophore receptacles situated in the center 
of each half of the segment. 

Here the sperms are guthered into bunches or spermatophores, cov- 
ered with a viscid substance, and in this condition they are subsequently 
squeezed out of these receptacles into the vagina of the female. 
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SYSTEMATIC. 
HISTORICAL. 


The first which can really be called a classification of the parasitie 
copepods was made by Burmeister in 1835 and included only 23 out of 
the SO and more genera known at the present day. 

The group was divided into families on the basis of the presence 
and structure of the antenme and segmented fect. 

Each family was divided into genera upon a different basis, that for 
the Caligidie consisting in the presence or absence of eyes and. the 
structure of the fourth thoracic feet. 

The next important classification was by Milne Edwards in his great 
work on the Crustacea in 1840. He raised the number of venera of 
these parasites to 35 and divided them first according to the fusion of 
the head and thorax, and the structure of the antenne. They were 
then subdivided by the presence or absence of dorsal plates on the 
free. thoracic segments, while the Caligidie were classified by the 
structure of the fourth legs. This resulted in throwing all the forms 
with dorsal plates on the thorax into the Pandarinie, irrespective of 
their relations in other partieulars, 

As there were only 9 genera known at that time in the Caligidie, 2 
of which, Chaffinus and Nogugus, were spurious, sueh a division 
answered well enough; and it located each genus just where it stands 
at the present time. 

A third classification was published by Steenstrup and Lütken in 
1561, and by Nordmann in 1564. the two being identical. 

They iucrease. the number of genera to 68, of which 20 belong to 
the Culigidie; they divide them first according to the structure of the 
ege sacks and the arrangement of the eges. 

The second subdivision is on the basis of the degree of fusion 
between the head and thorax, and on the presence or absence of à 
carapace. In the frmily Caligidie the classification is based on the 
structure of the fourth feet; the presence of dorsal plates on the free 
segments of the thorax, and the presence of lunules on the frontal 
plates. 

Heller, in 1565. adopted practically the same classification, but gave 
a much more elaborate analysis of the genera belonging to the Cali- 
gide, which he increased to 26 in number. 

For this analysis he makes use of (1) the structure of the rostrum 
and “palps” (second maxilke); (2) the degree of fusion between the 
head and thorax; (3) the presence of dorsal plates on the free thorax 
segments; (4) the presence of limules; (5) the structure of the fourth 
thoracic feet, 

In the following year, 1866. there appeared the first number of 
Bronn’s Thierreich, in the fifth volume of which, under the Copepoda, 
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Gerstaceker published several years later another attempt at the sys- 
tematization of this group. His classification is based almost entirely 
upon the structure of the appendages and the genital segment, and 
has remained the accepted classification up to the present time. For 
the paper published by Bassett-Sinith in [899 can scarcely be called a 
classification: it is rather an enumeration of species with portions of 
the synonyms, 

In Gerstaeckers work there are certain errors which can be cor- 
rected, aud additions whieh must be made in order to bring the group 
uptodate. The latter is especially true of North American genera and 
species, several of which were omitted by Gerstaecker through lack of 
identification. 

The name also, Nogagina, which he suggests for his second subfamily, 
is very unfortunate since the venus called by older zoologists Vogugus 
is really made up entirely of the males of other genera. Hence it has 
no right to be continued at al, much less to be taken as the type of a 
subfamily. Anyattemptto preserve this old genus must be really the 
introduction of a classification based entirely upon males into the midst 
of another which considers both sexes equally. 

Furthermore it does not seem that Gerstaecker's arrangement shows 
as clearly as might be done the gradual transition from non-degenerate 
forms like €gus and Lepeophtheirus through those which show the 
beginnings of degeneration, like G7o/opotes and sHebion, down to 
Pandarus and Crops which are manifestly quite degenerate. 

Phe monograph published by J.. D. Dana in 1852 on the Crustacen 
of the Wilkes Exploring Expedition contains the only attempt at a 
classification of the parasitic copepods thus far made by an American. 
lle divides the group into three tribes according to the structure of 
the cephalothorax, the presence of à carapace, and the structure and 
arrangement of the thoracic legs. He separates the second of these 
tribes, the Caligoidea. into three families according to the segmenta- 
tion of the first antenne and the structure of the maxillipeds. The 
second family, the Caligidie, he subdivides into four subfamilies on 
the structure of the mouth parts and the external egg tubes. 

Vhe classification here presented, like all its predecessors. appro- 
priates the best in those which have gone before, especially that of 
Gerstaecker, adds the new genera and species up to date, and such 
North American forms as have been omitted. It can not claim origi- 
nality since it differs chiefly in arrangement, but it is hoped that this 
change in arrangement will show better than heretofore the relation- 
ships between the genera, 
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FAMILY CALIGID,;E. 


Carapace broad and usually compressed. Cephalothorax  ineom- 
pletely segmented. the free thoracic segments often partially over- 
lapped or hidden by dorsal plates. Anterior. antennae short, elub- 
shaped, with two or three free joints, their basal segments anchylosed 
with the anterior border of the carapace. Posterior antenme in the 
form of a simple hooked claw, not extending beyond the carapace. 
Mouth in the form of a more or less elongated suctorial beak, formed 
out of the upper and under lips and inclosing the toothed mandibles. 
Maxille free, both pairs rudimentary, the first pair sometimes lacking. 
Mauxillipeds also free and in the form of hooked claws, the first pair 
weak, the second much stronger and used for prehension, First four 
pairs of thoracic legs usually biramose, but the first and fourth pairs 
frequently uniramose; the fifth pair rudimentary and often invisible 
dorsally or entirely lacking. Two simple eves fused on the median 
line, often lacking, Generative organs paired in both sexes: females 


with two cord-like ege tubes, usually quite long: eggs in a single row, 


Male usually smaller than the female and both sexes permanent para- 
sites upon fish. 


1. Three anterior segments of thorax fused with the head; fourth and genital seg- 


"IUD ccce t c 2: 
1. Two anterior thoracic segments fused with the head; third, fourth, and genital 
SUMMIT DULCES Eaa ates EE Sabfamily TREBIXNM. 
l. First thoracic segment onty fused with the head, the others free; one or more of 
them with paired dorsal plates; all four pairs of legs biramose.....2.222.2..-..5. 
2. Fourth segment without dorsal plates or any appendages except the fourth 
locom dM eT TE sch esteyersratel ola e eis ec PCS Subfamily CALIGIXNAM. 

2. Fourth segment with a pair of dorsal plates which usually overlap the genital 
UNI s Mee Subfamily EURYPNORIN-E. 


3. Frontal plates distinet; egg cases visible their entire length. 
Ce t E Sabtunily PANDARIN.F. 
3. Frontal plates fused with the carapace; egg cases convoluted, entirely hidden, 
Sere Oe eee ale Se NERC sia as Sia Siete wi lee edo Et Subfamily Creropiy kr. 


The genera belonging to the Caligina are discussed in the present 
paper: those belonging to the other subfamilies are left for subsequent 
papers. 

Subthinily CALIGIN AZ. 


Carapace broad and always flattened dorso-ventrally; free thorax 
segment without plates or appendages of any sort except the fourth 
pair of legs. Genital segment enlarged, but usually smaller than the 
carapace; never nmeh larger exeept in the genns Arheus, First and 
fourth thoracic legs umramose, second and third biramose: fifth pair 
rudimentary but often visible as a pair of small papille at the posterior 
corners of the genital segment, Adults active, most of the females as 
well as the males capable of swimming about freely. 
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KEY TO THE GENERA. 


i. First and fourth thoracie legs uniramose; second and third pairs biramose.... 2. 
1. First legs only uniramose; second to fourth birunose; frontal plates without 
nnne memo Calistes (Dana, 1852). 


|. Fourth legs only uniramose; first to third. biramose; no lanules; genital segment 
with two horny, dentate processes, as m the genus Pandarus. 
Calina (van Beneden, 1592). 
1. All four pairs of thoracie legs biramose; rami two-jointed; no lunules. 
Diysgamus (Steenstrup and Lütken, 1861 
2. Frontal plates provided with lunules; second maxillie simple, spine-like... 
2. Frontal plates without lunules; second maxille bifureate or simple. ...... i 
3. Genital segment simple, without plates or processes, and not elongated. 4. . 
3. Genital segment without plates but prolonged posteriorly into processes 


). 


nesnbrnsdoncemssühesudonienece ce c E 6. 

5. Genital segment surrounded by a two-lobed membranous wing; abdomen 

VAIO SS WETTER ESTIS ESTIS Parapetalus (Steenstrup and Lütken, 1861). 

4. Free segment short; genital segment usually smaller, never much larger, than 
S attene a e s Ee c A E E E E E ESSI 5. 

4. Free segment produced into a long neck; genital segment many times larger than 
cuecscvitnuredlvesse e e ems Eehetus ( Krüóyer, 1863), p. 611. 


5 Fourth legs normal; furca and first 10axillie present and well defined. 
Caligus (Müller, 1785), p. 555. 
5. Both furca and first maxilke wanting; host, the mollusk Nautilus. 
subgenus. .luehicaligus (Stebbing, 1901). 


5. Fourth legs radimentary, consisting of basal joint only, no exopod, 
subgenus. . Pseidocaligus (A. Scott, 1901). 


wt 


Carapace proportionally very small; genital seginent elongated; abdomen 
longer than rest of body; second maxillipeds large and massive. 
subgenus. Senenophilus (van Beneden, 1852). 
6. Four of these processes; the free segment short. 
7 Synestius (Nteenstrup and Lütken, 1861). 
6. Only two processes; the free segment prolonged into an elongate neck. 
Caligodes (Weller, 1865), p. 668. 
Genital segment simple, without plates 8. 
Genital segment without plates, but prolonged posteriorly into two processes twice 
as long as the segment itself; second maxille simple; no furca. 
Diphyllogaster (Brian, 1599). 
7. Genital segment covered with a fused dorsal plate extending backward over part 
EA E eI SUE Hoinoiotes, new genus, p. 661. 
8. Carapaee horizontal, not folded; abdomen normal. 
Lepeophtheirus (Nordmann, 1532), p. 615, 


UL 


8, Carapace normal, not folded; abdomen entirely wanting. 
luuretes (MMeller, 1565), p. 647. 
8. Carapace deeply incised at the center anteriorly; the two sides folded 
EOE CUNO Tere Per Hormilius (eller, 1865). 


ONTOGENY, 


The life history of the various genera here included is practically 
identical, so far as itis known. The development of theege up to the 
time it is extruded has already been given, and we have seen that each 
ege was fertilized us it passed out. 
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Since the ege tube is secreted only as there is a demand for more 
space and is extended by the pressure o£ the issuing eggs. it follows 
that this pressure, uctingalways along the axis of the egg tube, flattens 
the ege at right angles to tbat axis. Each ege assumes a biscuit shape, 
with the exception of the one first extruded, which is hemispherical. 

The form is usually fairly symmetrical, the pressure being equally 
distributed, but sometimes an egg will vet flattened on one side more 
than the other (see fig. 2). 

The germinal area is about in the center of the proximal side of the 
biscuit in the great majority of cases. But here again there are excep- 


4 
^ 


tions and occasionally an egg is reversed as 
it issues and the germinal area appears at 
the center of the distal side. From this 
center the embryo spreads gradually until it 

covers the tlattened side and extends down 

over the edge of the biseuit, so that in 

z j advanced development the appendages can 
be distinctly seen on the edges of the eves 

under a high power (see fig. 25). Not only 

, are the germinal areas thus all upon the 

center of the proximal sides of the eves, 

but the symmetry is carried still farther in 

) the fact that the longitudinal axes of the 
embryos are very closely parallel. This 
brings the corresponding appendages of 
the different embryos in longitudinal rows 
along the sides of the ege tubes. 

2 The eves also change in color with ad- 
vancing development. At tirst colorless or 
witha yellowish tint, they gradually assume 

V the color of the pigment which is to distin- 


pe guish the nauplins when it finally becomes 


A 

FIG, 35.—Vortios or AN EGG-STRING free. 
OF CALIGUS — BONITO, (MiGHLY 
MAGNIFIED.) 


This color varies in different species and 
is readily visible to the naked eye against 
a white buekeround for some time previous to hatching. If the living 
copepod be placed in a porcelain dish and examined with a hand lens 
the color shows to good advantage. It is so constant in the same 
species and so distinct in many of them as to afford a good supple- 
mentary evidence of identity in females carrying fully developed eges. 

There is no regular breeding season. Females with fully developed 
egos are found alongside those with ege strings only partially extruded 
or with none at all. And oftentimes a single fish will yield these 
different adult forms and several chalimus stages. But while there is 
this great irregularity in the breeding season of different individuals, 


No, 1104, PARAS TOC! CORIO IS GL het — WEN: 555 


the period of incubation is approximately the same for all menibers of 
the same species. And so far as known it does not vary much in 
different species, although no judgment of value ean be drawn on this 
point without more extended observations; Eight weeks is required 
in Caligus rapar, and from eight to ten weeks in Leprophthedrus 
pectoralis, 

Hence while the stage of development reached by the various indi- 
viduals found on any given fish may be widely different they are just 
as likely to correspond closely. And there are certain times when a 
given stage of development is more likely to be found than at others. 
Nearly all the chalimus stages nsed in the present paper were obtained 
from common founders caught between the middle and the last of 
August at Casco Bay on the Maine coast, Fhe season would De a 
little earlier in the vicinity of Woods Hole. 

Again the whole of the embryos in the egg tubes of a given female 
hateh at practically the same time, only an hour or two between the 
first and the last. This greatly facihtates the rearing of the embryos 
through successive moults, as the material requires very little sorting. 

If a female is captured with eges nearly but not fully ripe itis prac 
tically certain that the embryos will issue before the mothers death, 
But of course in. such cases the percentage of survival is extremely 
limited. [fit is desired to rear the embryos females should be selected 
whose egg tubes have the deepest color, and an almost total failure 
may be simply due to the immature condition of the eggs and not to 
the enviroument. 

Usually each ege ruptures separately, and the inclosing membrane 
of the egg tube splits opposite the eee, allowing the nauplius to 
wriggle out. There is thus a break in the tube for each of the eges 
and nearly all the breaks are on one side, but in spite of this the empty 
cases are usually left still attached to the female after the last larva 
has escaped. But sometimes, in the haste preceding the death of the 
mother, when there is scant time for the hatching, or when the eggs 
lack considerably of being fully ripe, the result is very different. 

The strugeles of the nauplii in freeing themselves first break. the 
tubes off from the genital segment of the mother and then tear them 
all in pieces, leaving nothing but fragments scattered far and wide. 

As soon as they are fully free the nauplii swim to the surface and 
toward the Hight. Each has the typical nauplius form, ovate or ellip- 
tical in outine, strongly flattened dorso-ventrally, and with three pairs 
of appeudages representing the first and second antenne and the man- 
dibles (fig. 36). The body is very simple and without segmentation, 
being made up of a cellular exterior surrounding the general body 
cavity, through the eenter of which passes the primitive digestive tube, 

The latter consists of a mouth opening on the ventral surface just 
behind the bases of the first two pairs of appendages, and a straight 
tube with no differentiation of parts. 
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In the body cavity is a fluid representing the blood which eireulates 
somewhat. On the dorsal surface close to the anterior margin is the 
median eye and the first traces of the nerve ganglion, Both the eye 
and the dorsal surface of the ganglion are well pigmented. This 
ganglion represents practically only the future supra-cesophageal one 
and the esophagus does not pass through it. The infra-cesophageal 
portion of the ganglion (see p. 552) appears with the development of 
the appendages. 


FIG. 36.—NEWLY HATCHED NAUPLIUS OF CALIGUS RAPAX, PIGMENT OF BRIGHT RUST COLOR, 


The anterior part of the body is transparent and throngh it canbe 
seen the muscles whieh move the appendages. They extend backward 
obliquely on either side from the bases of the appendages to the 
median line a little back of the center. They are faintly striated and 
very well developed, furnishing powerful motors for swimming. 

The posterior portion of the body. a little less than half, still retains 
much of the nutritive material from the ege, by means of which the 
nauplius is to be nourished during several moults until it can seek a 
host and get its own food. These yolk granules make this portion of 
the body opaque and nothing of the internal structure can be seen 
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through them, On either side at tbe center are two large spots of the 
pigment, which characterizes the particular species. This varies 
decidedly in color and pattern in the different species thus far exam- 
ined and will probably furnish a useful means of identification. 

There are other much smaller spots of the same pigment, which vary 
somewhat in location in the different species, but are nsnally found, 
one on either side, close to the posterior end of the body. and a median 


unpaired spot just above the eye. 

Of the appendages the first untennz are uniramous and. terminate 
in two long phunose sete. They are often curried close together and 
pointing straight forward in front of the nauplius. The second 


5 


Fic. 37, —ÓEÉAARLY NAUPLIUS OF CALIGUS BONITO, DORSAL VIEW; PIGMENT CINNAMON BROWN IN A 
CONTINUOUS LINE AROUND THE MARGIN OF THE BODY, 


antennas and mandibles are biramous, the exopod four-jointed, each 
joint bearing a long plumose seta, the endopod with a single joint ter- 
minating in two similar sete. These three pairs of appendages pro- 
pelled by the powerful muscles already noted make efficient locomotor 
organs, and the iuplii move rapidly. And even at this early stage 
some difference can be seen between the nauplii of the different 
species. Those like Cadiqgus raper, which are very active in the adult 
form, begin this activity in the early nauplius, while others appear 
comparatively sluggish. 

Near the posterior end of the body there is a pair of appendages 


536 PAO DENGS OPI TIPE, NS SAESP VSN Vou. NAVI 


Which usnally point obliquely backward. and are of peculiar shape, 
Cylindrical at the base for about one-fifth of their entire length they 
then Hatten antero-posteriorly and broaden. slightly into the shape of 
a spatula or paper cutter, 

They are not segmented and not readily movable: they seem to be 
used as a kind of balancing organ when the nauplii assume an upright 
position iu the water ou coming to rest, 

The uniformity in the shape of these bakuieers as well as that of the 
body of the nauplii and the three pairs of appendages is good evi- 
dence of the close relationship of the genera here considered. 

Ifa female be captured with eggs nearly or quite matured it is an 
asy matter to secure nauplii by keeping lier over night in cool water. 
But to rear the nauplii suceessfully is a very different matter fov many 
reasons. 

In the first place they are extremely sensitive to even a slight rise iu 
temperature and of course can not be kept in an aquarium of running 
water, and as they advance toward the chalimus stave they require 
freshly aerated water far more than in the nauplius stage, which itis 
exceedingly difficult to supply properly. A great many different 
methods have been tried, but the Dest success thus far has been 
obtained by keeping the larvie in floating aquaria or bags of cheese 
cloth, immersed iu the ocean, The mouth of the bue is open aud it is 
floated at a suflicient height above the surface of the water to prevent 
the washing out of the lurve. 

As the latter naturally swim at the surface, this insures just the 
right temperature. And if they eat anything prior to the metanauplins 
stage, which is very doubtful, apparently enough food gets in through 
the meshes of the cheese cloth to keep them alive. In. this way the 
nauplii of two species of Caligus, C. rapar and €. bonito, and one 
species of Lepeophtheirus, L. edwardsi, have been carried through 
several moults. 

But of course when they reach the stave at which they would ordi- 
narily fasten upon some host, all artificial methods fail. and we must 
depend for further material upon a careful examination of the fish's 
body. To achieve any success demands a kuowledge of two things, 
the partieular host ov hosts preferred by any given parasite and the 
time of breeding. By securing a plentiful supply of the host just 
after the parasites eves have hatched one may be reasonably sure of 
finding some larvæ attached to them. 

But obviously the securing of these early stages will require a very 
minute examination of every. part of the fish's body, since the larva 
apparently fastens itself to the first. place it happens upon. aud nay 
show no indications whatever of a preference for particular localities, 
whieh later in life becomes very marked. Especially is this true of 
such species as frequent the mouth and gill cavity. Ca/égus bonito in 
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the adult stage is never found on the outside surface of the body or 
on the fins, but those are the very places most eusily accessible to the 
young metanauplius and where cousequeutly it must be souwht. 

And then the farvie are so small as almost to require a hand lens for 
recognition, and their color is so similar to that of the fish^s body as to 
afford them muple protection. 

About the only way to detect them in most cases is to take the fish 
directly from the water, and while it still retains a film of water over 
the entire outside of the body bold it up to the light in such a way as 
to get the rays reflected from the surface. The larva, being attached 
loosely, stands off from the surface and breaks the reflection. 1f the 


FIG. 38.—NavPLIUS OF CALIGUS BONITO NEARLY READY TO MOULT iNTO A METANAUPLIUS THE 
PIGMENT, WHICH AT FIRST WAS IN A CONTINUOUS RING, IS NOW BROKEN UP, VENTRAL VIEW, 
SHOWING LABRUM. 


fish has been dropped to the ground or into the bottom of a boat there 
is Very little use to search it for development material. 

In view of these difliculties it is not surprising that so few larval 
stages have been secured hitherto, or that investigators overlooked all 
but the largest and most advanced embryos. 

As has been stated the nauplius at first is entirely unseemented. with 
the three pairs of appendages grouped around the mouth near the 
anterior end of the body. The first moult occurs during the first 
thirty-six hours, usually in the night; the nauplius emerges with its 
hody considerably elongated and with the evident beginnings of seg- 
mentation posteriorly. The division between head and thorax ts 
plainly indicated in the clear edge which borders the carapace (fig. 21). 


S 
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Behind this are two other sutures indicated iu the same manner and 
also hy perceptible grooves in the body wall itself. There are also 
traces of another joint farther back, very close to the balancers on 
either side. The pigment, which is characteristie of the species, and 
which at first was gathered more or less in the regions indicated, now 
spreads along the sides of the body, while the two spots near the anus 
fuse neross the mid Tine. 

The condition of this pigment as to whether it is a continuous line or 
a series of irregular spots varies greatly even in the same species; now 
the one condition prevails, now the other. 


Fri. 09.—A NAUPLIUS OF LEPEOPIITHEIRUS EDWARDSI JUST READY TO MOULT INTO A METANAUPLIUS 
THE NEW APPENDAGES CAN BE PLAINLY SEEN AT THE POSTERIOR END OF THE BODY. 


The appendages remain unchanged, but. between their bases on the 
ventral surface the huge shield-like librum becomes more prominent. 
The spines also near the tips of the endopods of the two posterior 
pairs of appendages are larger tham before the molt, and they show 
up pkunly in a ventral view (fie. 35). 

Hitherto the larva has been very active, but on getting ready for the 
second moult it becomes more sluggish and moves about slowly. It 


oF 


also pays less attention to the light and eradually seeks the bottom of 
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the aquarium. At the same time the first "Tm nna — to Tow signs 
of segmenting into two joints, and upon the ventral surface of the 
posterior part of the body mumerous fine lines appear enrving from 
the outer edge inward and backward toward the anus (fig. 39), 

These represent the sete of the new Doe which are to appeui 
with the second moult. This 
moult occurs during the sec- 
ond thirty-six hours and the 
larva comes forth radically 
changed in many particulars. 
The body has elongated more 
than 50 per cent, while it has 
broadened scarcely half that 
amount, with the result that 
it appears much narrower 
than before (fig. 40). The 
pigment now covers a wider 
space along the margin and is 
more uniformly distributed. 
The median nauplius eye has 
disappeared and instead we 
find the pair of simple eyes 
fused on the median line 
which are to characterize the 
adult. They are situated 
farther back in the carapace 
and in front of them a large 
mass of pigment extends the 
entire width of the carapace. 
This latter is much more 
clearly defined and now cov- 
ers about. two-thirds of the 
entire body. There are two 
free thoracic segments, each 
bearing the rudiments of a 
pair of swimming legs. and 
each more or less fused with 
tlie head. 

They are followed by a 
third segment, and this in 
turn by an abdomen. "The 
latter is short and terminated by a pair of blunt anal laminæ (tig. +1). 
Each lamina carries on its inner margin a stout two-jointed seta. The 
shorter basal joint has a row of delicate hairs upon its inner margin. 
while the longer distal joint is plumose. Opposite this seta on the 
end of the lamina there is a long slender spine, aud on the outer margin 


Fic. 40.—THE METANAUPLIUS OF CALIGUS BONITO, DORSAL 
VIEW. PIGMENT UNEVEN AND A RUSTY-BROWN COLOR, 


are three — — — 


Proc. N 
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"This alters the appearance of. the larva completely, but the greatest 
change has taken place in the appendages, The locomotor organs of 
the nauplius have entirely disappeared, and in their place stand append- 
ages which are evidently the rudimentary 
forms of those found in the adult. 

The first antenme are now distinctly two- 
jointed, the basal joint carrying a single 
seta at about the center of its anterior 
margin, while the terminal joint is tipped 
with from seven to nine short plumose 
sete irregularly arranged (fig. 40). Fur- 
thermore, instead of projecting directly 
forward in front of the body, as they did 
in the nauplins, these appendages are now 
appressed close to the anterior margin of 
the carapace. Their basal joints lie in 
exactly the position afterwards occupied 
by the frontal plates, and are already 
partially fused with the carapace. The 
terminal joints, which are somewhat elongated, project at right angles 
to the body axis in the same position which they occupy in the adult. 

The second antenne have changed even more. "They still retain 
their biranious character, but have become prehensile organs instead of 
locomotor (fig. 42). Each “consists of a long and very stout basipod 
from which project the shorter terminal segments. 

The latter are fused for a distance and then separate at nearly right 
angles. The exopod is consid- 
erably the shorter of the two 
and is terminated by a short 
rudimentary spine. 

The endopod is much stouter 
and terminates in a single 


Fic. 11.—ANAL LAMINE OF THE META- 
NAUPLIUS OF CALIGUS BONITO. 


enrved claw, nearly as long as 

the endopod itself, and bent 

over ventrally until its tip 

points in toward, and nearly 

touches, the ventral surface of 

the basipod. These are mani- 

festly intended for clasping or- 

gans and in furtherance of that Y 
design they extend forward in Fie. 42.—THE SECOND ANTENNE OF THE METANAU. 
nearly the same position as that Ec 
occupied by the first antenne of the nauplius. Moreover, the larvi 
keeps snapping them viciously, giving a forward and downward rake 
in the evident endeavor to hook them into something. They must be 


WILSON. 543 


No. 1H. LA SC OP PUOI OP sc OGL LD. Le 


the organs by means of which the larva is to obtain its first hold 
upon its host. 

Just posterior to their base is the mouth, which possesses the same 
framework and mouth parts as in the adult, although the mouth parts 
are uot yet fully developed. On either side of the mouth, close to its 
base, are the second maxille, which are also very rudimentary (mx.", 
fie. 43). There is no basipod: the endopod consists of a single conical 
spine, longer and more slender than in the adult, while the exopod is 
made up of two small circular chitin plates close to the base of the 
spine. l 

The first maxilke can scarcely be distinguished as minute protuber- 
ances close to the margin of the car- 


apace opposite the mouth. The first Q 
inaxillipeds (mxp.’) are much shorter 
and stouter than in the adult, especially mx" m 


in the terminal joint. They are tipped 


with three strong spines or claws ar- 

ranged in a row, the two inner ones 

being pectinated like the hind toe of a 

night-hawk’s foot. mxp’ 
The second maxillipeds, on the con- 


trary, are much longer and more slen- 
der than in the adult, and again this 
difference is most marked in the termi- 
nal joint and claw (mxp."). They are mxp” 
so much elongated that they project far 
beyond the edge of the carapace and 
stand out prominently in a dorsal view. 
The claw, even at this early stage, 
is furnished with the small accessory 


spine on its inner margin, which is a A Ree ee : 
found in the adult. my”. SECOND MAXILLOE; MNJ., FIRST 

Evidently these appendages are to — SAE hrEDs M DD T 
serve with the second antenne as pre- 
hensile organs. They are especially serviceable in this elongated state 
during the chalimus stage, as will be noted later. (See p. 516.) 

Each of the two free segments of the thorax bears a pair of. rudi- 
mentary, birumous appendages whose terminal joints are fringed with 
plumose sete. Ft was these sete seen through the skin of the nauplius 
which gave rise to the long curved lines on the ventral surface at the 
posterior end of the body just prior to this third stage. The append- 
ages represent the first and second pairs of swimming legs of the adult, 
but differ much from their ultimate form, The basipods are very short 
and stout, wedge-shaped or oblong, and armed with short spines at their 
distal ends. The first pair are united across the mid line by a wide and 
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strong sternum, which is thickened along its anterior edge (fig. 44). The 
sternum uniting the second pair is very short and is made up of two 
heart-shaped plates inclined toward cach other and united at their tips 
and for some distance along their adjacent sides (fig. 45). 

The endopods and exopods of the two pairs of legs are quite similar 
and each consists of a single joint, broadly lamellar and fringed dis- 
tally with six large plumose setze, making them strong swituming 
organs. In the arrangement of these 
setæ may be seen an indication of the 
future segmentation of the append- 
ages, Upon the third free segment 
may be found a pair of small projec- 
tions, unsegmented and unbranched, 
which are the rudiments of the third 
pair of lees. Each carries at its 
distal end several short spines. 


S 


Senses 
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Fig, 44,.—FIRST SWIMMING LEGS OF METANAU- 
PLIUS OF CALIGUS BONITO, VENTRAL VIEW, 
SHOWING CONNECTING VENTRAL PLATE. 


Atthe third moult, which occurs 
after about the sme interval as 
the others, there is little advance 


save in a few changes toward the / 

adult form. The firstintennie now 

become three-jointed, the basal 

joints long and narrow and turned 

back on and articulated with the ———— ee ene oe 
anterior margin of the carapace. NAUPLIUS OF CALIGUS BONITO, VENTRAL 


It is plünly evident that they up or uc oer 
are to become the frontal plates. 

Between them. in the very front of the head, there appears a large 
median gland which secretes the material for attachment during the 
following ehalimus stage. (See fig. 46.) This gland is heart-shaped, 
the larger end being anterior, and is close to the dorsal surface of the 
carapace, A duet leads. from the gland to a point at the very tip of 


the carapace between the bases of the first antenne. 
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function and have changed but little. 


The second anteunie and second maxillipeds retain their prehensile 


There has been a fusion of the first and a partial fusion of the second 
thoracic segments of the previous stage with the cephalo-thorax. Phe 
third segment has elongated; the rndimentary third legs have devel- 


oped into a pair quite similar to the 
first and second pairs of the previons 
stage. Upon the posterior end of 
this segment appear another pair of 
rudimentary protuberances which are 
to develop into the fourth lees. 

The genital segment still remains 
fused with the abdomen, and the two 
have inereased considerably in size. 

The time has now arrived for the 
larva to seek its host, and, when once 
found, it fastens immediately to the 
hosts hody. Just how the host is 
found remains a mystery, but certain 
facts are self-evident. 

In the first place the nauplii and 
metanauplii swim freely at or very 
near the surface, while the fish which 
are to serve as their future hosts do 
not frequent the surface. None of 
the surface fish when examined are 
found infested with parasites of the 
genera here considered, with one or 
two exceptions. And these are forms 
which are peculiar to the fish on which 
they occur. 

There is nothing, therefore, in the 
nature of an intermediate host; the 
larva does not fasten itself upon the 
fish which is nearest at hand and re- 
main until it ean seek its proper host. 

1t tinds in some way at the very first 
the fish it wants and upon which it is 
to be found when fully developed. 

Most of the genera here considered 


Fig, 46.—, 4 YOUNG CHALIMUS OF CALIGUS 
RAPAX. 


infest fish which live at or near the bottom, the Gadidie, Pleuronectidie. 
ete. And every form of development from the earliest. metanauplius 
stage through to the sexually mature adults may be found. upon the 
sume species of fish by careful search at the right season. 

At some time, therefore, during the two metananplins stages the 
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larva must leave the surface and seek the bottom, remaining there 
until it can fasten itself to a host. 

The passage from the surface to the bottom must form one of the 
critical periods in its existence *, and even after it gets there the chances 
are not very favorable for finding a 
suitable host within the brief time 
necessary. 

These metauauplii seize the fish with 
their second antennie, streteliing them 
forward side by side and. driving the 
terminal claws deeply into the tish’s 
flesh through its skin. 

The antennæ are so long and the 
hold obtained is so firm that the larva 
stands out from the surface of the skin 
in a manner very suggestive of the 
chalimus stage with its long frontal 
filament. Furthermore the antenne, 
being very close together and along 
the median axis, allow almost as much 
freedom of motion as a single filament. 

After one or two moults in this 
stage the larva emerges as à chalimns 
and puts in operation the median fron- 
tal gland with its secretion, which has 
been developed. as a means of attach- 
ment. The way in which the larr: 
handles this gland, produces the fila- 
ment, and fastens itself to its host has 
never heen directly observed. But 
the author was fortunate enough to 
see a young chalimus refasten itself 
after being torn away from the tail 
fin of a flounder. In all probability 
the original method was very similar, 
if not identical. The larva seized the 
Fic. 47.—CHALIMUS OF Carrers rapax. fin With its second antennae, piercing 

ua Eee the skin and obtaining a good hold 
on the fin ray. The posterior part of the body was then raised 
upon the second maxillipeds, depressing the anterior margin until it 
touched the fin at the point where the duct from the median gland 
opens. The gland then poured out its secretion, which was thick and 
viscid, and stuck firmly to the fin ray. The carapace was moved about 
in such a way as to spread the secretion over a larger surface. The 
larva then released. its hold with the antenn: and at the same time 
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seemed to push itself backward with its maxillipeds. In this way the 
secretion was pulled out into a long slender rod or cord, nearly as long 
as the body of the larva. 

The secretion seems to harden instantly and furnishes a strong and 
very flexible means of attachment during the moults which intervene 
before the adult stage is reached. 

Hf one of the fin rays be examined under the microscope the filament 
can be seen to penetrate the skin and to be attached along the side of 
the ray for some little distance, as noted by Scott (1901). Often the 
tip of the filament is spread out into a broad dise, giving it a firmer 
hold around the ray. 

Just how the secretion is brought in contact with the fin ray could 
not be determined, but it has already been noted that the second 
antenna, in grasping the fin, penetrated the skin and took hold on the 
ray. It seems probable that in spreading the secretion about some of 
it may enter the openings thus made and come in contact with the ray. 
Its own adhesiveness would be sufticient to fasten it securely on 
hardening. 

In all the specimens collected the tip of the filament has been so 
firmly fastened to the host that it could not be detached. In. every 
instance the filament either broke at the center or was torn out of the 
chalimus’s carapace when an effort was made to detach it. And the 
only way to obtain the fastening intact is to cut off the ray and. pre- 
serve it with the chalimus still attached. 

The larva is frequently attached to a scale rather than a fin, and in 
such cases the filament pierces the cutis covering the seale and is flat- 
tened into a disk upon the surface of the scale itself. The idea in 
every instance seems to be the attachment of the distal end of the tila- 
ment to something that will not eive way. In rare instances the 
young may be found attached elsewhere upon the host, or even to 
some portion of the body of an adult parasite, as noted by Hesse (18555). 

The ehalimus can. pull itself down to its host at any time hy means 
of its long maxillipeds, and in this way obtain its food. The stage is 
one of great interest, both on account of this peculiar means of attach- 
ment and also historically. 

Originally discovered by Burmeister, it was deserihed by him in 
1831 asa new genus of the Caligidi, and several species were after- 
wards added by the same and other authors. But the more careful 
observers were quick to suspect its real relation to other members 
of the family, and Króyer very carly suggested that it was only 
the young of Cul/gus, or some closely related form. Müller (1852) 
and Stein (1852) soon proved this satisfactorily, and subsequently 
Iesse (1858). Gerstaecker (1859), and Nordmann (1864) contirnied the 
conclusion. 

Of these writers Hesse had the notion that the mother voluntarily 
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attached the young to her own body. in order to render them material 
assistance, lle describes the “tilet” which fastens the embryo to its 
mother. ind designates it as the “eordon frontal." Tt is long and 
flexible enough to allow the young an independent action and to 
permit it to apply itself to the fish upon which both the mother and 
the young live. E 

lt is a very envious and interesting spectacle, says Iesse, to see 
these embryos, especially those of Trebtus and Caligus, which swim 
with considerable facility, following the evolutions of their mother, 
like a small boat towed by a large ship. This Hason of the two indi- 
viduals ceases as soon as the young are able to procure their own 
nourishment, the rupture taking place about the time of the second or 
third moult. 

This idea of voluntary attachment was strongly denied by Ger- 
staecker and Nordmann, while Stein, who wrote six vears before Hesse, 
and whose work the latter entirely overlooked, also contended that 
such attachment is purely accidental. That this is the true interpreta- 
tion is evident from many considerations. 

In the first place the larvie hatch as free-swimming nauplii, posi- 
tively heliotropic. and therefore frequenting the surface, while most of 
the fish which are to serve as their hosts live at or near the bottom, as 
already noted. We have also seen thet the larvee moult at least three 
times before entering the chalimus stage, leaving the surface and 
becoming negatively heliotropie after the second moult. Hence each 
of them must seek out its own host, and there is not one chance in a 
thousand that it will find the same host upon which tt was born. 

And the probability of finding its own mother still upon that host 
would he even less. Indeed the finding of its own mother under any 
circumstances after a free-swimming period, no matter how short that 
period might be, presupposes, if the union is to be voluntary. an 
ability on the part of either mother or olfspring to recognize the 
other! Such recognition would be at least an anomaly among parasitic 
crustacea. 

But even if we grant that the larva might find its own mother, still 
the act of attachment can not be performed by the latter; it is wholly 
the work of the larva itself; as we have just seen, and must be eon- 
trolled hy instinet. And it could hardly be claimed that tnstinet guided 
the larva to the body of its parent. since this would necessitate some 
advantage to result from the union. Such an advantage would be 
difticult to prove, and even if if were established we should still have to 
explain the faet that only one or two lurve out of thousands followed 
their instinct and availed themselves of the advantage. We can only 
conelude that such a union by no means proves a close relationship 
between the adult and the larva; that it is purely accidental and of 
rare ovcurrence, 


an 
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Fic. 48.—CHALIMUS OF CALIGUS RAPAX. (ONE MOULT LATER THAN FIG. 47.) 


The changes which take place during this fourth moult and those 
Which subsequently occur in the several moults of the ehalimus period 
are very suggestive in many ways. 
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and decidedly spindle-shaped. gradually develops a lobe on either side 
and widens considerably into a form which is obovate or elliptical 
(fig. 45). The tirst three segments of the thorax fuse completely with 
the head and the sutures, which 
subsequently separate the regions 
of thecarapace, appear and become 
fairly well developed. "The free 
segment of the thorax is stil] very 
long in the early ehalimus stage, 
but rapidly shortens with every 
moult. The genital segment and 
the abdomen begin to separate by 
the second chalimus moult, the ab- 
domen at first being several times 
the larger (fig. 47). But before 
the close of the chalimus stage the 
genital segment has increased until 
itis the larger, while the ahdomen 
has narrowed somewhat, and the 
anal papille with their sete have 
lengthened eonsiderabty (fig. 49). 

The eyes in the early chalimus 
stages are relatively large and situ- 
ated far back in the carapace, 
nearly at its center. hey move 


— 


i steadily forward with every moult 
x until they reach the adult position 
X3 ata point about one-third of the 


leneth of the earapace from its 
anterior edge. Butthe appendages 
move forward at the same time so 
that the eyes remain all the while 
just above the month. 

The first antenne still. remain 
three-jointed, and in the later chali- 
fam mus stages lunules gradually de- 
velop upon the basal joints in such 
Fig. 49.—FULLY DEVELOPED CHALIMUS OF FE- species as are to possess them, This 

MALE CALIGUS RAPAX PROM FLOUNDER. Dor- is the final proof that these basal 
po MN joints become the frontal plates. 

This fact, which has all along needed the testimony of development 
in order to demonstrate it fully, now that it is established, entirely 
changes the homology of the antenne. So long as the frontal plates 
were regarded as a portion of the carapace, no homology in structure 
or function between the antennae of Ci/égis and those of Lrgufus was 
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possible. But as soon as we recognize in the frontal plates the basal 
joints of the first antennæ, such a homology becomes not merely pos- 
sible but very complete and significant. In both families the first 
antenna are three-jointed, the basal joint being enlarged and moditied 
to serve a prehensile function, while the two terminal joints are much 
smaller and wholly tactile. In Argufus the prehension is aceom- 
plished by means of a stout hook developed at the distal end of the 
basal joint, while in Caligus the same result is attained by a sucking 
disk or lunule. 

The second. antenna in Aryulus are largely tactile, only the basal 
joints being prehensile in function, and even these have nothing but 
stout spines to assist in preventing the copepod from slipping back- 


mxpi 


mxp? 


FIG. 50.—APPENDAGES OF THE EARLY CHALIMUS STAGE SHOWING MODE OF DEVELOPMENT, an?., SECOND 
ANTEA ; nxpl. AND mxp?., MAXILLIPEDS; I, 2, 9, AND l, SWIMMING LEGS. 


ward. Butin Cufgus the entire second antenna becomes prehensile 
(fig. 50, an*.). the basal joint with a stout spine pointing backward, 
as in Argulus, while the terminal joint is developed during the ehali- 
mus period into a strong sickle-shaped claw, operated by powerful 
muscles, and fully capable of rendering material assistance to the 
maxillipeds in piercing the skin of the host and obtaining a firm hold. 

Both Baird (1850) and Pickering and Dana (1828) described these 
second antenne as the first pair of foot-jaws, the former without 
making any comparisons, the latter claiming that they corresponded 
to the second maxill: in decapod erustacea, a manifest error. 

The first and second maxillie develop somewhat toward the close of 
the chalimns period, but as they are rudimentary even in the adult no 
marked development is possible in the larva. 
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The other mouth parts and the four pairs of swimming legs develop 
steadily toward the adult form. with no marked changes at any one 
moult. The only features worthy of note are in the development of 
the first and fourth pairs of swimming lees. 

In early stages the first pair (fig. 50, 1) have a well-defined endopod, 
much smaller than the exopod to be sure, and consisting of but a 
single joint terminating in two small sete. Later this rudimentary 
endopod almost entirely disappears, its place in the adult being indicated 
hy a long, slender seta. 

The fourth legs are made up at first of two short and very broad 
disk-like segments. totally unlike the long and slender adult form (4). 
Furthermore, there are no setie anywhere upon them except at the tip 
of the terminal joint where four very short and stubby ones stand in 
a vow. With almost the first chalimus moult. however, the nature of 
these legs changes radically, and they quickly narrow and elongate, at 
the same time acquiring sete upon all the joints. 

With the beginning of the chalimus period the digestive organs 
change into the adult form, and the reproductive organs appear, The 
latter grow rapidly in the male and have attained their full develop- 
ment by the close of the chalimus period, but in the female they 
remain rudimentary until fertilization, which takes place only after 
the Jarve have become free swimming. The genital segment in the 
female remains small, deeply lobed posteriorly, and with the fifth legs 
showing prominently for quite a long time after the close of the 
ehalimns period. 

The nervous system starts in a large ganglion just beneath the dorsal 
surface of the carapace, posterior to the eyes, This ganglion is ellipti- 


eal in shape, the eyes. being situated just above its anterior end, A 
pair of nerves, corresponding to the first pair in the adult, extend front 
the anterior end of this ganglion to the eves. From the posterior end 
in early ehalimus stages two or three pairs of slender nerves extend a 
short distance hackward but do not reach beyond the carapace. This 
one ganglion evidently corresponds to parts of both the supra- and 
infra-@sophageal ganglia in later development. As the young cope- 
pod grows by successive moultings, and the various appendages appear 
in regular order, the nervous system also develops. In this way for 
each of the appendages there appears at the proper time the pair of 
nerves which are to innervate their muscles until the whole system is 
completed. After a study of these forms extending over several years 
it may be stated with a fair degree of acenracy that this period of 
attachment to the host lasts from four to six weeks. During that time, 
to judge from the material collected, there are at least five moults, if 
not more. 

At the close of the period the appendages have become fully 
developed, and with the last moult the filament separates just at the 
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frontal margin of the carapace, leaving a noteh where it emerged, and 
usually a portion of the filament itself projecting from the base of the 
notch and extending backward into the carapace to the gland. These 
remains persist all through the adult life and are an abiding evidence 
of the relation betweeu chalinius and adult. 


SUMMARY. 


1. The eggs as they are extruded to the exterior in the egg tubes 
assume a biscuit shape with the germinal area at about the center of 
the proximal side. The embryos develop until they cover this side 
and extend down over the edges of the biscuit, their longitudinal axes 
being closely. parallel. 

2. As the embryos develop they become pigmented, the pigment 
"urying in color aud arrangement in different species, and in this way 
alfording good supplementary evidence of identity. 

3. Each egg ruptures separately, and the membranes of the egg 
tube split just opposite the embryos, allowing the latter to wriggle 
out, and leaving behind the membranous framework of the egg tubes 
the same size and shape as before and still attached to tlie female, but 
empty. 

4. The nauplii swim to the surface and toward the light as soon as 
they are free. Each has a typical nauplins form, ovate or elliptical in 
outline, strongly flattened dorso-ventrally, and with three pairs of 
appendages representing the first and second antenme and the man- 
dibles. l 

5. The first antennæ are uniramous and terminate in two long plu- 
mose sete. The second antenne and mandibles are biramoius, the 
exopod four-jointed, each joint bearing a long plumose seta, the 
eudopod with a single joint terminating in two similar setæ. Near the 
posterior end of the body is a pair of spatula-shaped balancers. 

6. The first moult occurs during the first thirty-six hours, usually 
at night; the nauplius emerges with its body considerably elongated 
and with the evident beginnings of segmentation posteriorly. The 
appendages remain unchanged. 

T. The second moult oceurs during the second thirty-six hours, also 
at night; the nauplius emerges radically changed. The median eye 
has disappeared, and instead we find a pair of eyes fused on the median 
line, as in the adult. The carapace is more clearly defined. and covers 
about two-thirds of the body: there are two free thoracic segments, 
each bearing the rudiments of swimming lees, followed by a third 
segment, with even more rudimentary appendages, and this in turn by 
the fused genital segment and abdomen, the latter. terminated by a 
pür of blunt anal papille armed with sete. For appendages this 
larva possesses first and second antennae, tirst and second maxillie, 
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mandibles, a mouth tube or probocis, first and second imaxillipeds, and 
three pairs of rudimentary swimming lees. 

S. The third moult occurs at about the sume interval as the others. 
The first thoracic segment has been entirely, and the second partially, 
fused with the head. The third segment has elongated and the rudi- 
ments of the fourth thoracic legs appear upon its posterior ventral 
surface, The genital segment still remains fused with the abdomen, 
hut the two have increased considerably in size. The first antenne 
have become three-jointed; the other appendages remain unchanged, 
save that the swimining legs advance toward the adult form. 

9, The larva now seeks its host and moults again into what is known 
as the chalimus stage, the chief characteristic of which is the devel- 
opment of along cord or filament by means of which the young are 
attached to their host. This filament is made ont of the material 
secreted by a median eland situated just in front of the eves. 

10. The changes which take place during this fourth moult and 
those which subsequently oceur in the several moults of the chalimus 
period are in the line of gradual development toward the adult form. 
The carapace, at first squarely truncate posteriorly, gradually develops 
a lobe on either side and widens. The first three thoracic segments 
fuse with the cephalon, and the sutures on the dorsal surface of this 
cephalo-thorax appear and become well developed. The genital seg- 
ment and the abdomen separate at the second chalimus moult, the 
abdomen at first being several times the larger. The eyes move 
steadily forward with each moult, hut as the appendages on the 
ventral surface move forward also the relation of the two remains 
unchanged, 

11. The only appendages worth noting are the first and fourth 
swimming legs. In the early chalimus stages the first pair have a 
well-defined endopod, consisting of a single joint terminating in two 
small sete. Later this disappears and its place in the adult is indicated, 
if at all, by a long seta. The fourth legs are made up at first of two 
short and broad, disk-like segments, without sete or spines. With 
successive moults they narrow and elongate into the adult form, and 
acquire both spmes and sete. 

12. This attached stage lasts from four to six weeks, and the larva 
moults at least five times. At the close of the stage the male is prac- 
tically fully developed, but the female remains imniature, so faras the 
reproductive organs are concerned, until fertilization has been effected 
and the ova begin to descend the oviducts. With the last chalimus 
moult the connecting filament separates just at the frontal margin of 
the carapace and the copepod enters npon its free adult existence. 
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GENUS GA EVG Us Muller, 


Carapace large, shield-shaped. Basal joints of the first. antenne 
provided with lunules; two terminal joints free, heavily armed with 
setie. — Mandibles often toothed along both margins. Second maxille 
simple, spine-like. First and fourth thoracic legs uniraniose, second 
and third biramose. Fourth thorax segment without dorsal plates; 
genital segment simple also, without plates or processes. Abdomen 
one to many segmented. The young of both sexes with a frontal fila- 
ment forattachinent during the chaliwus stage. Anal lamellie strongly 
flattened and armed with long plumose sete. 

(Caligo, obscurity, darkness.) 


ARTIFICIAL KEY TO THE SPECIES. 


The relative length of the different body regions is the most constant character 
available for classification of specics. 

Both sexes are here included, since they usually exhibit radical differences, and 
they must be sexually mature, although the presence of egg strings in the female is 
not necessary. When the fifth legs are spoken of as visible or invisible it means in 
dorsal view only, and has no reference to a microscopical examination of the ventral 
surface. All measurements of length include the anal lamellie, but not the plumose 
sete upon them. Differences of length must amount to eight per cent or ten per 
cent; otherwise they are considered as “abont equal." In any case where there 
might still be danger of mistake after this liberal allowance the species has been 
inserted twice. This key includes all valid species known at the present time. The 
authority for each species is here given, and the reference can be found in the biblio- 
graphy on p. 666. 

There have been eliminated the following species: 

First, those which subsequent examination has shown to belong to other genera, 
Here are included bicolor (Lamarck, 1818), which is a Paudarus; branchialis (Steen- 
strup and Lütken, 1861), a Lepeophtheirus; breripedis (B-Smith, 1896), a Pseudocaligus; 
erassus (Abildgaard, 1794), an Anthosoma; gracilis (v. Beneden, 1851), hippoglossi 
(Kroyer, 1837), molræ (Latreille, 1825), nordmannii (M-Edwards, 1810), obscurus 
(Baird, 1850), ornatus (Nordmann, 1832), pacificus (Gissler, 1883), pectoralis (Miller, 
1785), pharaonis (Nordmann, 1832), salmonis (Króyer, 1837), sturionis ( Króyer, 1837), 
stromii (Baird, 1850), and vespa (M-Edwards, 1840), all of which belong to the genns 
Lepeophtheirus. Imbricatus (Risso, 1816)is an Anthosoma; oblongus (Abildgaard, 1794) 
isa Dichelestium; paradoxus (Otto, 1828) is a Demoleus, and smithii (Lamarck, 1818) 
is an c[nthosoma. 

Second, those which have proved to be synonyms of species already described. 
Iere are inelnded æglefini ( róyer, 1863), a male curtus; americanus (Pickering and 
Dana, 1838), also a curtus; bengoensis (T. Scott, 1894), a young male coryphenie; 
bicuspidatus (Nordmann, 1832), a curtus; carangis (IKróyer, 1863), an alalongo; 
diaphanus (Baird, 1850), a curtus; elegaus (v. Beneden, 1851), a curtus; elongatus 
(Nordmann, 1832), a rapar; leptochilus (Leuekart, 1847), also a rapar; longicaudus 
(B-Smith, 1898, a), a trichiuri; mulleri (Leach, 1816), a curtus; seombri (B-Einith, 1896), 
a productus; rissonianus (M-Edwards, 1840), a curtus; scutatus (M-Edwards, 1840), a 
coryphæenæ. 

Third, forms of which no figure has ever been published and which were so poorly 
deseribed as to make their identification impossible, Here are included affinis 
(Heller, 1866), put into the key provisionally; kroyerii (M-Edwards, 1840), piseinus 
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(Guerin, 1817), platessa’ (v. Beneden, 1870), and the following which were simply 
named by Richiardi in 1880, fissus, lepidopi, petersii, servani, smaris, and trachuri; and 
lessoniunus (Risso, t8IG). 

(rayi is here included from a printed figure, the deseription not having been seen, 
And finally, the author has been unable to secure cither the figures or descriptions of 
heptapus (Otto, 1821) or hyalinus (Czerniavski, 1868). 


1. Carapace distinctly more than half the entire lengtli.-.- ccce æ m 
1. Carapacerabout haltra entire length ec e 25: 
1. Carapavedlecidedlystess than half the Gntined@netl c-r cM 1l. 


2. Abdomen four-jointed and shorter than genital segment; the latter quadrate. 

alinncus, new species, p. 576. 
2. Abdomen two-jointed and longer than genital segment; all males 
2. Abdomen two-jointed, the same length as genital segment 


2. Abdomen two-jointed, shorter than genital segment. - 
2. Abdomen one-jointed, longer than genital segment 
2. Abdomen one-jointed, the same length as genital segment. 
2. Abdomen one-jointed, shorter than genital segment.. 
3. Abdomen joints about equal. . -honito, new species, p. 589. 
; Abdmnen jointsunequal; the trstauehothesslionter.--.....-22- e 4. 
4. Genital segment oblong, no wider than abdomen; fifth | invisible dorsally. 
stroinatei (Kroyer, 1863). 

4. Genital segment quadrate, three-quarters wider than abdomen; fifth legs 


a 


visible ime eee woe ee eat ene nonce rufimaculalus, new species, p. 561. 
4. Genital segment barrel-shaped, one-third wider than abdomen; fifth legs 
schistonys, new species, p. 564. 
5. Males, fifth legs plainly visible dorsally.............. — 6. 
5. Males, lifth legs not visible dorsally............. —— —— 
5. Females, fifth less not visible dorsally....-..-.---2-.-------. e xit) 


6. Genital segment quadrate, half as wide as carapace; fourth legs large, all their 
spines serrate and a large plumose seta at the tip of the basal joint. 
coruphenes (Steenstrup and Lütken, 1861). 


6. Genital segment quadrate, half as wide as carapace; fourth legs weak, no serrate 
HINER WING Mette thynni (Dana, 18523 p. 603. 

6. Genital segment oblong, one-quarter as wide as carapace; abdomen almost the 
samesvsr Ch, 301269] diaphanus (Nordmann, 1832). 

7. Genital segment oblong, no wider than abdomen..............----.---.8- 8. 

7. Genital segment obovate or spindle-shaped, from one and a half to twice wider 
than 111 9. 

8. First abdomen joint one-third the second; fourth legs short, Just reaching the 
amr TOP TOT SM mee irritans (Heller, 1865). 


& Abdomen joints the same length; fourth legs reaching bevond tips of anal laminæ. 
longipes (B-Sinith, 1898, c). 
9. Free segment narrower than genital segment; frontal plates narrow, lunules 


ena. --- MEE E yurnardi (Kroyer, 1863). 

9. Free segment same width as genital segment; frontal plates prominent, lanules 
E EE oc CS rapar (Milne-Edwards, 1840), p. 568. 

9. Free segment wider than genital segment; third and fourth legs large and 
Stoni Oe —— mutabilis, new species, p. 573. 

10. Genital segment reetangular, wider than long; fourth legs very short; furca 
Ciis) gear e cdubcdBllionoaosonesós fallax ( Kroyer, 1863). 

t0. Genital segment obeordate, deeply lobed; fourth legs reaching beyond tip of 
abdomen. des. e e eee eee eet longipes (B-Sinith, 1898, c). 


11. Males, genital segment subquadrate; fifth legs visible dorsally. 
leres, new species, p. 649. 
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11. Males, genital segment elliptical; fifth legs not visible dorsally. 
infexluns (Heller, 1865). 
12. Genital segment barrel-shaped, longer than wide, sides strongly curved; fifth 


kas: TAU: ooo oo cece e e haas 1 minimus (Otto, 1828). 

12. Genital segment quadrate, mneh wider than long, emarginate posteriorly; fifth 
lees gites. sa a e ces - DR I borealis (Olsson, 1877). 
poesis 14. 
Borem Gleeman 15. 

(IS), TERS, oko ceils ogee ae sane ecce es 16. 

14. Genital segment. semilunar, deeply lobed; free segment very short, almost con- 
cealedilonsallqeem- ceutrodonti (Baird, 1850), p. 652. 

14. Genital segment acorn-shaped, deeply lobed; twice as wide as free segment; lobes 
Deal BsccacescoodBle uae IIS balistæ (Steenstrup and Lutken, 1861), p. 601. 

14. Genital segment oblong, no lobes; narrower than. [ree segment; fourth legs very 
lunucce e e nanus (Kroyer, 1863). 


14. Genital segment, obeordate, lobes short; three times as wide as free segment. 
perrus (B-Smith, 1898, a). 

15. Genital segment ucorn-shaped, rounded posteriorly; farca long and narrow. 
borealis (Olsson, 1877). 

16. Genital segment oblong, widened posteriorly; abdomen much longer than wide, 
dubius (T. Scott, 1894). 

16. Genital segment quadrangular, corners square; abdomen the same length and 


enl. o c KI PR e M os gracilis ( Dana, 1852). 

17. Abdomen more than halt the length of genital segment ........-------- 1s. 

17. Abdomen much less than half the genital segment. ....-.-..----.------ Due 

18. Males, genital segment, but little wider than abdomen ....................- 19. 
18. Females, both the fifth and sixth legs visible dorsally ...........--.-.------20. 
seEenmalesvoniystlrestittbeleresvasblendonsallye eco ecc e eee Palle 
18. Females, neither fifth norsixth legs visible dorsally ..........-------------- um 


19. Genital segment spindle-shaped; fourth legs with three saber-like spines. 
lubracis (T. Scott, 1902). 


19. Genital segment orbieular, as wide as long; fourth legs with one toothed 


BOM Gee curtus (Müller, 1785), p. 578. 

19. Genital segment eylindrical, sides parallel; fifth legs invisible dorsally. 
eheilodactyli (Kröyer, 1863). 

20. Genital segment triangular ....... isonya (Steenstrap and Lütken, 1861), p. 602. 


21. Genital segment obcordate, lobes large; abdomen club-shaped, narrow. 
minimus (Otto, 1828). 

21. Genital segment rectangular, no lobes; abdomen as wide as long. 
lelracis ('T. Scott, 1902). 
21. Genital segment acorn-shaped, no lobes; abdomen spindle-shaped, longer 
HUSUNI ore lumpi (Kroyer, 1863). 
22. Genital segment oblong, no lobes; fourth legs only reaching its center. 
curtus (Müller, 1785), p. 578. 
22. Genital segment obeordate, as wide as long, with short lobes; fonrth legs reaeh- 


ame abdomene e ran E ene yurnardi (Króyer, 1863). 
92. Genital segment barrel-sliaped, wider than long; lobes short; toothed plates on 
TourblislesSpiles leres, new species, p. 649. 


92. Genital segment ovate, no lobes; whole body covered with spots of rust color. 
rufiinaculatus, new species, p. 561. 
22. Genital segment barrel-shaped, wider than long; no lobes; abdomen narrow; 
Venite Tg lle adul anae a a gaui (Nicolet, 1849). 
92. Genital segment elliptical, lobes short; terminal claws on first legs bipartite. 
schistony.r, new species, p. 564. 
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235. Fifth legs visible dorsally; males or females; genital segment subquadrate. 
abbreviatus (Kröyer, 1863). 
29. Tafthe logs invi ledor aUl a eme BI. 
Genital segment rectangular, much longer than wide, no lobes; sides nearly par- 
Ge — ee 2 3 MAPA n ee E brevicuudatus (A. Seott, 1901). 
Genital segment rectangular, mneh wider than long, no lobes; sides nearly par- 
allel — parras (B-Smith, 1895, a). 
Genital segment obovate, as wide as long, sides strongly curved; small plates on 
JJ crak 3 2S 2 2 eee d. centrodouti (Baird, 1850), p. 652. 


Genital segment obovate, deeply lobed; lobes acute, conical; free segment nar- 
TOMA onere baliste (Steenstrup and Lütken, 1861), p. 601. 
25. Abdomen three-jointed; genital segment tlask-shaped, trancate posteriorly, 
angustatus ( Kröyer, 1863). 


25. Alklomen two-jointed! of varyinelencethses.----- cc c" 26. 
25. A 0Dulomensonesjoimted, "of varyinesdenstlusee- e e atele = eet 34. 
Abdomen longer than the genital segment, males or females ...2......-..--- ale 
Abdomen about the same length as the genital segment....20......2..-.---- 297 
Abdomen half as long as the genital segment BJ 


"T 


27. Males, genital segment quadrangular; free segment as wide as long. 
hirsutus (B-Smith, 1898, a). 


27. Males, genital segment narrow. spindle-shaped; free segment four times as 
JJ AU bonito, new species, p. 589. 

27. Females, genital segment acorn-shaped; free segment twice and a half as 
WHC a ON Ge ot ea chelifer, new species, p. 582. 
Males, fifth legs visible dorsally; genital seement acorn-shaped; first abdomen 
ICDS eet EAU UK SS a ane oe neh cr eet ee ten Seeman eS robustus (B-Smith, 1898, b). 
Males tithes mivisible dorsally. 22s s2c4.cc eer EE OCC 
Feitiales, fb» äö 50. 
Females, fifth legs invisible dorsally; genital segment oblong: basal abdomen 
join thie Winger ee acr secte conse os Ae eybii (B-Sinith, 1598, a). 
20. Genital segment barrel-shaped, only a little longer than wide, corners angu- 
Pt Pees ear ee dM F thuni (Dana, 1852), p. 603. 

20. Genital segment narrow, eIub-shaped, twice as long as wide, corners rounded. 


trichinei (Kroyer, 1863). 
Genital segment obeordate; basal abdomen joint four times the terminal. 
robustus (B-Smith, 1898, b). 


Genital segment oblong, widest posteriorly; terminal abdomen joint much the 


J 77F thymui (Dana, 1852), p. 603. 
ST. Males, fifth: leismotovisibledorsulls aaa 32: 
21. Penes eth e ore ee 33. 
Genital segment orbicular, half as wide as carapace; basal abdomen joint short 

andbwnle le eo or coast ox infestans (Heller, 1865). 
Genital segment elliptical, one-third as wide as carapace: basal abdomen joint 

qiadransgular 2a seen eee ee ees hicuatonis (Ixróyer, 1863), p. 606. 


3. Genital segment oblong, narrowed anteriorly; deeply emarginate posteriorly; 
-lufestaus (Lheller, 1865). 
ate posteriorly; lobes short 


lieslong-- oec Ne ees 


Genital segment flask-s ghtly emarg 


andobproade..l--——-— e e belones (Kroyer, 1863), p. 586. 

33. Genital segment orbicular, as long as wide, evenly rounded; basal abdomen 
joimtlonwQsee...- cR -.ee----rerator (Meller, 1865). 
Abdomen obeonical, longer than the genital segment; the latter flask-shaped; 
males.....2s--s. oce a EE TURO NDS STYLES OSEE EUR 


Abdomen same length as genital segment; the latter oblong; fourth legs short 
an weak eru REED VN MEER dubius (F. Seott, 1891). 
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40. 


40. 


40. 


44. 


4. 
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Abdomen half the length of the genital segment or more ......22.2..2.---.. 3 
Abdomen distinctly less than halt the genital segment. -----. 000000000000000 40. 


on 


35. Males, genital segment narrow cylindrical, no wider than abdomen; fifth 


ANS ADU SUD Oster chortuent (Kroyer, 1863). 
Dome MU es 36. 
am eames ad a E ecce eere 3i 


Genital segment elongate-ovate; fifth legs close to the base of the abdomen. 
gurnardi, var. (Kröyer, 1863). 
Genital segment broad acoru-shaped; fifth legs at corners; fourth legs reaching 


tlli cria CONIC eerste eM uae see oe nanus (Kroyer, 1863). 
Genital segment acorn-shaped, fourth legs not reaehing its eenter; fifth legs at 
(OTTO Mins OR EET TOES ECCE ce S hunpi (Kroyer, 1863). 
37. Genital segment distinctly more than halt the carapace .....------------ 38. 
37. Genital segment hall as long as earapace or less 22.22.22 cll cll llllll.. 3. 
Genital segment oblong; abdomen club-shaped; free segment much longer than 
ipe ec cM A E phipsoni (B-Sinith, 1898, a). 
Genital segment orbieular, wider than long; frontal plates projecting between 
tinc Tlc Nee cO AO COR hemitlonis (Kroyer, 1863), p. 606. 


Genital segment obeordate, the same length and width; free segment wider than 
lupus. mec c TIE trachyptert ( Krüxer, 1863), 

39. Genital segment obovate, sides strongly curved; carapace wider than long. 
cheilodaetyli (Kröyer, 186: 


59. Genital segment acoru-shaped, sides parallel; earapace elliptical; first antenne 


| hidden -----------lucustris (Steenstrup and Lütken, 1861). 

39. Genital segment acorn-shaped; carapace elliptical; first anfenme large, 
(USVI rapar (Milne-Edwards, 1840), p. 568. 

39. Genital segment quadrate; frontal plates wide, lunules large; carapace 
WNC pe ene latifrons, new species, p. 587. 
Genital segment obcordate, posterior lobes large; fourth legs large, stout; fifth 
ete lose UU UE UT minimus (Otto, 1828). 
Genital segment tlask-shaped, no lobes, fourth legs short, weak; fifth legs imvis- 
qc occ 777777 alalonge (Wrüyer, 1863). 
Genital segment rectangular, much wider than long, no lobes; abdomen ex- 
(REISS? SO eS parrus (B-Suith, 1898, a). 


41. Abdomen four-jointed; genital segment wedge-shaped aud deeply lobed. 
coryphane (Steenstrup and Lütken, 1861). 


NOn eO One o ynin lenei eea Ere s 42. 
nomen oneone EO EC S 04. 
Abdomen distinctly longer than the genital segment..22. 22 lilii. - — 43. 
Abdomen about the same length as the genital segment . · · 4 4T. 
Abdomen consideraby shorter then the genital segment...........-2------ -503. 
SY, NUKES, h in Bucs Korea] View a aee e ee TE 
e 45. 
43. Females, fifth legs concealed in dorsal view4 46. 


Genital segment quadrate; first abdomen segment less than half the second. 

hirsutis (B-Smith, 1898, a). 

Genital segment narrow ovate; first abdomen joint twice as long as the second. 
trichiuri (Kröyer, 1863). 
45. Genital segment broad ovate; fifth and sixth legs both showing in dorsal 
Mic Ate ec pelamydis {Kröyer, 1863), p. 594. 
45. Genital segment acorn-shaped; fifth legs only showing and indistinctly; 
abdomen twice as long as all the rest of the body.. macrurus (Heller, 1865). 
15. Genital segment reetangular, much wider than long; tifth legs only show- 
AN] Oe ee pee M E Sao h trichiuri (Kroyer, 1563). 
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Genital segment triangular, much larger than carapace; abdomen longer than 
rest of body -pharaonis (Nordmann, 1832). 


Genital segment acorn-shaped; basal abdomen joint three times the terminal, 


pelaniudis (Kroyer, 1863), p. 594 


47. Males, tiftli legs not visible in dorsal view 


47. Females, tifth legs plainly visible in dorsal view 2:....... 


47. Females, fifth less concealed: im dorsal 
Genital segment eyvlindrical, lite wider than abdomen; median carapace lobe 

projecting its full length behind the lateral lobes. eossueti (B-Smith, 1888, b). 
Genital segment obovate, twice as wide as abdomen; median carapace lobe not 


Rew athe er near Jase me coustrictus (Heller, 1865). 
Genital segment barrel-shaped, three times as wide as abdomen: first abdomen 
Jodie the Jongi: -euecu eerie ee meets ses upinis (Meller, 1866). 
Genital segment oblong-oboyate, twice as wide as abdomen; terminal abdomen 
oee 0a Si We erate ener e.c. erem productus (Dina, 1852), p. 597. 
49. Genital segment flask-shaped, no lobes; abdomen narrow; joints the sine 
ESI desee meu. diuphlianis (Nordmann, 1832). 

49. Genital segment abeordate, deeply lobed; basal abdomen joint twice as wide 
ESTHER TIDOO C OO ote ee USC robustus (B-Sinith, 1808, b). 
noctem enmaqentsalonteequaloinetonstlye- 22 ete: ME 5l. 


50. Abdomen joints very unequal in length 
Genital segment acorm-shaped, longer than wide; fourth legs weak, tliree-jointed. 
cossueki (B-Sinith, 1898, b). 

Genital segment orbieular, wider than long; fourth legs medium-sized, four- 


Joc eS ade 11111 torpedinis (Heller, 1865). 
52. Genital segment oblong, deeply lobed; basal abdomen joint ten tines the 
teriidlis-——----————- e: rrr EISE arii (B-Smith, 1898, b). 

42. Genital segment oblong, slightly lobed; basal abdomen joint three times the 
OTC es ee eybii (B-Suiith, 1898, a). 

AS. Genital segment elliptical, lobes long and very wide; basal abdomen joint 
three times the ternmimal a eee ecce bonito, new species, p. 589. 

52. Genital segment flask-shaped, no lobes; basal abdomen joint twiee the ter- 
11111 afinis (IIèller, 1866). 
Genital segment elongate-obovate, contracted anteriorly; fifth legs invisible; 
AMOI JMS cynal <2. 2 eo a =. meer mutabilis, new species, p. 573. 
Genital segment broad, acorn-shaped; fifth legs visible; basal abdomen joint three 
times the turminalz.----.--09--2:9 99:9 enses chorinem? ( WKróyer, 1863). 
Genital segment obovate, lobes short; basal abdomen joint four times the ter- 
INU 111 irriuns (LMeller, 1865). 
54, Abdomen distinetly longer than the genital remment- -e-ren 5am 
54. Abdomen about the same length as the genital sewment.........22.2..-- ^h. 
54. Abdomen considerably shorter than the genital segment. ........---.--- 57. 


Genital segment orbicular, showing both the fifth and sixth legs, female. 

stromale? (Kroyer, 1863). 
Genital segment triangular; only the fifth legs showing; fourth leg spines tat- 
tened into annie. platytarst (B-Sinith, 1898, b). 

Genital segment obeordate, little wider than abdomen; fifth legs concealed. 
hirsutus (B-Simith, 1898, a). 
Genital segment elliptical, three times as wide as abdomen; fifth legs concealed. 
productus (Dana, 1852), p. 597. 
56. Genital segment elliptical, lobes long and narrow; free segment long and wide. 


monacanthi (Kroyer, 1863) 607, 
56. Genital segment oblong-obovate; lobes short aud broad; free segment short, 
NUCTOW lle. tU turc productus ( Dana, 1852), p. 597. 
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dakari (van Beneden, 1892). 
57. Females, both fifth and sixth legs visible; genital segment acorn-shaped. 
isouge (Steenstrup and Lütken, 1861), p. 602. 


5o Hemales, nolecswisibleongenitaliseoment..--.-2-.-+.---.2------e2--2----- DS. 
57. Males, fifth legs concealed; genital segment narrow ovate, well lobed; emarginate 
POSETIO Y ccce eere eese choriuemi (Wroyer, 1863). 

58. Genital segment oblong, four times as wide as abdomen; no lobes; frontal 
DS HOJectee e iirragenis (T. Seott, 1894). 

58. Genital segment elliptical, twice as wide as abdomen; no lobes; free segment 
areas Om WOO COR EGO ee ee trachyuoti (Weller, 1865). 


58. Genital segment narrow obovate, well lobed; free segment short and. broad. 
tenar (Heller, 1865). 

58, Genital segment oblong; lobes short, blunt; abdomen club-shaped; free seg- 
TOKE: Hon pgs TRINARON. wooo oan ooseeeecnccaamore phipsoni (B-Smith, 1808, a). 


CALIGUS RUFIMACULATUS, new species. 
Plate: Ve 

Female. — Carapace more than half the entire length, elliptieul, dis- 
tinctly longer than wide, and scarcely narrowed anteriorly (fig. 51). 

Frontal plates large and wide, nearly straight along their anterior 
border, and deeply incised at the center, where may nearly always be 
found the remains of the frontal filament projecting from the incision. 
Lunules large. almost circular, and widely separated, but not project- 
ing very much. Posterior sinuses wide and inclined to the central 
axis, leaving the median lobe more than half the entire width and 
projecting considerably beyond the lateral lobes. Lateral lobes nar- 
row and curved inward at the tip. Free thorax segment small and 
narrow, not distinctly separated from the genital segment, the divid- 
ing groove being little more than a notch in either side, just. back of 


the fourth legs. Genital segment obovate, as wide as long, narrowed 
anteriorly, with smooth, rounded outlines, and without appendages or 
sete visible dorsally. 

Abdomen short and one-jointed, three-fourths the length of the 
genital segment and about twice as long as wide; somewhat swollen at 
the center into a spindle-shape. Anal Jamin large and stout. Egg 
cases nearly as wide as the abdomen and about as long as the carapace, 
35 or 40 eggs in each. 

Anterior antenne large and stout, the two joints about the same 
length and heavily armed with plumose sete and spines. Posterior 
autenne rather slender, but long, and with the terminal hook sharply 
bent near the tip; u short and stout accessory spine present posterior 
to the basal joint. First maxille small and nearly straight, with a 
swollen base. Second maxille also nearly straight and about as long 
as the rostrum; rather stout and blunt and considerably widened at 
the hase. 
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First in: ixillipeds witha Rue stont basal joint and the usual slender 
terminal joint, the two joints in this species being about the same 
length. The two terminal claws are fringed with hairs and look more 
like plumose setie than like claws, and there is also a small protuber- 
anee on the inner margin near the tip which carries a tuft of hairs. 


The second maxillipeds have a stout basal joint, but a very weak 
terminal claw, the tip of whieh is abruptly narrowed at the junction of 
the accessory spine on the inner margin, — Furea peenliar: branches 
about the same length at the base, both increasing in width from the 
center, giving the whole structure somewhat the outline of an hour- 
glass. Branches flattened dorso-ventrallv, as wide at the tip as at the 
base, and considerably divergent: lumen broad, triangular. First legs 
with three weak terminal claws, a long and slender plumose seta at the 
posterior corner, and the usnal three plumose sete along the posterior 
border of the terminal joint. Second and third legs large and stout; 
the spine on the last joint of the exopod of the second lees is notice- 
ably slender and weak, while that upon the basal joint of the exopod 
of the third legs is stout and as wide at the tip as at the base. Rami 
of the third legs well separated, large and prominent. Fourth lees 
small and weak, not r uehing the posterior margin of the genital 
segment; three-jointed with five spines, the terminal ones graded 

leneth from without inward, the inner one three times as long us the 
outer. Fifth lees very rudimentary. scarcely visible in ventral view. 

Male- Carapace the same shape as in the female, but relatively 
much larger. Free thoracic segment much more distinetly separated 
from the cenital segment and nearly as wide as the latter (fie. 52). 

Genital segment very much smaller than in the female, being only 
a quarter the length of the carapace: fifth legs showing plainly on the 
lateral margins about one-third the distance from the posterior end. 
Abdomen little more than half the width of the genital segment and 
about one-fifth longer; two-jointed, the basal joint Jess than half the 
length of the terminal Anal laminie much larger than those of the 
female and armed with longer sete. The chief differences in the 
appendages are found in the second antenme, the first maxilla, the 
second maxillipeds. the furca, and the third and fourth swimming lees. 

The second antenne are larger and stouter than those of the female 
and are branched as is usual in the males of this genus. 

The first maxilke are fully twice as long as in the female, and are 
strongly curved, evidently serving as secondary clasping organs. The 
second maxillipeds are much enlarged in both the basal and terminal 
joints. In the center of the basal joint on the inner margin, opposite 
the base of the accessory spine, there is a large swelling capped by a 
small hemispherical plate with a roughened surface, This aids in the 
prevention of slipping. and shows that these maxillipeds with the sec- 
ond antenne are manifestly the chief organs of prehension (fig. 51). 
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Furca much narrower than in the female, branches close together 
and nearly parallel, destroying the hourglass outline. 

Third legs larger than in the female, attached nearer the posterior 
border of the carapace, and projecting laterally to the edge of the 
carapace, and posteriorly to the center of the genital segment. The 


basal joint of each is fully as large as the genital segment, and being 
transparent the longitudinal fibers of the muscles show through plainly 
and give the central portion a striated appearance. The fourth legs 
are relatively much longer than those of the female. 

Total length, female 3.65 mm.: male 3 mm. Length. of carapace, 
female 2 mm.; male L.9 mm. Length of genital segment, female 0,84 
mm.: male 0,5 mm. Length of abdomen, female 0.65 mm.z male 0.6 
mm. Length of ege strings 1.9 mm. 

Chalimus. Carapace considerably more than half the entire length, 
ovate, strongly narrowed anteriorly. Frontal plates large and well 
defined, Posterior sinuses narrow and nearly parallel; the median lobe 
proportionally a little wider and more squarely truncated posteriorly 
than in the adult (fig. 53). 

First antenne large, prominent; and well armed with plumose sete 
and spines. Free. segment very short, but as wide as the genital seg- 
ment. The latter is barrel-shaped, one-quarter wider than long with 
evenly rounded sides aud squarely truncated anterior and posterior 
borders. 

The two abdomen segments are about the same relative size as in the 
adult, bat compared with the genital segment they are much wider, in 
fact almost as wide as the genital segment itself. 

The anal lamine are smaller than in the adult and their phimose 
sete are shorter, The appendages appear about the same with the 
exception that the second. as well as the third swimming legs show 
posterior to the carapace in dorsal view. Total length 1.75 mm. 
Length of carapace 1 mm. width of the same 0.8 mm. Length of 
genital segment 0.2 mmn. Length of abdomen 0.4 mm. 

Color, pale straw yellow, covered on both the dorsal and ventral sur- 
faces with scattered spots of a rusty brown pigment. In some speci- 
mens these spots are few in number and not noticeable. but in the great 
majority of instances they are quite numerous and at once cateh the 
eye, particularly on the dorsal surface of the genital segment. 

(rufus. rust colors muenlutus, spotted.) 

Specimens belonging to this species were obtained by the author 
from Fundulus majalis and FL heteroclitus. 

They are more often found upon the former but are not at all com- 
mon, à careful exantination of five hundred of these minnows yielding 
barely half a dozen specimens. The National Museum collection also 
includes three specimens taken by Vinal N. Edwards, one from a mul- 
let LMug?l cephalus), and the other two from the surface at the Fish 
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Commission, Woods Hole. The fact that these two were captured 
in surface skinimings is an indication that this species swims about 
freely at the breeding season, 

As the measurements indicate they are very small and well snited to 
parasitism upon such small fish. They are also very transparent and 
might well have been named dé planus had not that name already been 
preoceupied. Consequently it makes an excellent species for study, 
since the internal anatomy can be plainly seen without dissection, and 
the small size is to its advantage when examined under a high power. 
It is à very lively species and moves about freely over the body of its 
host. Like the Argulus found upon the same minnows, this species 
oecasionally forfeits its life when the tish get hungry, and the author 
lost a tine lot of males and females which were being kept upon Fun- 
dults in an aquarium, the tish catching them as they were swimming 
abont. 


CALIGUS SCHISTONYX, new species. 
Plate VI. 


Femaly.-—Carapace one-sixth longer than the rest of the body, 
about as wide as long, ovate, strongly narrowed anteriorly. Frontal 
plates wide and prominent; Iunules large, almost cirenlar, slightiy 
projecting. Posterior sinuses rather narrow and somewhat inelined 
to the median axis; median lobe less than half the entire width and 
projecting but little beyond the lateral lobes: the latter broad and 
well rounded (fig. 66). 

The carapace is very peculiar in its grooving: the thoracie area is 
almost. quadrilateral and is about three-fifths of the length and width 
of the carapace. From each of its anterior corners a pair of parallel 
grooves extend diagonally forward and outward to the very edge of 
the carapace. These grooves are close together and each makes a 
break in the continuity of the carapace margin. This is the only 
instance within the author's experience, in which any of the carapace 
grooves actually reach the margin. and it is very noticeable for that 
reason, 

Taken in connection with the groove along the anterior border of 
the thoracie area it fornis a joint extending the entire width of the 
eurapace and separates the head as completely from the thorax as the 
latter is separated posteriorly from the abdomen. 

The central portion. of the thoracie area is raised considerably, 
leaving a very narrow depressed border around the posterior margin. 
The line of demareation between the raised and depressed portions is 
not parallel with the carapace margin, but on either side forms a 
straight Hne inclined toward the central axis and in direct continuation 
of the posterior of the two inclined grooves already noted. The com- 
bination of this line of demarcation and the grooves thus produces : 
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trapezium or wedge which stands out very prominently upon the 
dorsal surface of the carapace, Furthermore, the transparent border 
surrounding the carapace, instead of being more broadly rounded 
than the lateral lobe at the posterior extremity of the latter, the con- 
dition whieh prevails in all other species, comes to a sharp point, 
giving the carapace a peculiar angular appearance, 

The free thoracic segment is very short and narrow, about three- 
fifths as wide as the genital segment. Genital segment oblong, with 
well-rounded corners, half as wide as the carapace, with short and 
blunt. posterior lobes between which the posterior margin is concave. 
Abdomen four-fifths as long as the genital segment and somewhat less 
than half as wide; sharply contracted where it joins the genital seg- 
ment and slightly swollen at the center. Anal papillie large, well sep- 
arated, and somewhat curved inward at the tips, bearing phimose 
sete which are very long and slender. Egge cases three-quarters as 
wide as the abdomen and a little longer than the carapace: about 60 
eges in each. Anterior antennie short and stout, the basal Joint very 
plentifully supplied with plumose sete along its anterior and lateral 
margins; terminal joint club-shaped. 

Second antennz with a stout basal Joint reinforeed by a short, blunt 
spine posteriorly; terminal joint long and slender. with an abrupt 
curve, First maxillie short, blunt, almost straight, and considerably 
swollen at the base. 

Second maxille simple, unbranched, nearly as long as the rostrum, 
slightly curved if at all, and acuminate. 

First maxillipeds with a stout basal joint and a long slender terminal 
joint; the inner terminal claw twice the length of the outer: a short 
spur on the inner margin of this joint near the distal end, Second 
maxillipeds with a stout and swollen basal joint aud a very weak and 
slender terminal claw, the disproportion between the two being quite 
noticeable. 

The claw is only half the length and not more than one-fifth the 
width of the basal joint, and its terminal portion bevond the base of 
the accessory spine is scarcely larger than the spine itself. The inner 
margin of the basal joint is raised into a slight kuob opposite the base 
of the aecessory spine, but the flimsy little terminal claw does not 
look as though it could hold down very much against this knob. 
Furea long and narrow, with branches about the same length and. width 
as the basal portion: considerably narrowed at the center, like an hour- 
glass. The divergent branches curve inward toward each other, while 
the sides of the base curve outward away from each other, but only 
slightly in either case. Often the branches are somewhat swollen at 
the tips. 

The first legs are short and stout, with two spines on the posterior 
border of the basal joint ind a single. small spine at the distai end of 
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the second joint. at the anterior corner. The terminal claws on these 
legs are peculiar in that they are all three biramose. the division 
extending well beyond the middle of the claw. Of the two branches 
the endopod is nearly straight, while the exopod is strongly curved. 
Furthermore, the appendage at the inner corner, between the termi- 
nal claws and the posterior plumose sete. instead of being a smaller 
pluimose seta, as is usually the ease. is here a long and stout claw, 
unbranched and curved over strongly. ventrally (tig. T5). 

This peculiarity of the terminal elaws has given the species its 
name, The other legs are like those ordinarily found on Caligus. 
The spines upon the last two joints of the exopod of the second legs 
are very small and insignificant, while that upon the basal joint of the 
exopod of the third legs is large and stout. The rami of these third 
legs are widely separated and the endopod has but a single joint. 

The fourth legs are very slender and weak, three-jointed, with the 
basal joint as long as the other two. The second joint has a spine at 
its distal end and another small one on its outer margin. The ter- 
minal joint has the usual three terminal spines, of which the inner 
one ix fully twice as long as the second, and a small spine on its outer 
margin., 

The fifth lees are so far reduced as to be invisible except by very 
careful serutiny upon the ventral surface. 

Male. —The sides of the carapace are not arched as in the female 
but are nearly straight lines, and the anterior contraction is mneh 
more decided. The posterior sinuses are a very broad U-shape, 
throwing the tips of the latera} lobes outward away from the median 
lobe. This, together with the sharp angles of the transparent border, 
vives the carapace a marked trapezoidal form, the anterior and pos- 
terior sides parallel, the former only two-fifths the length of the 
latter, while the right and left sides are equally inclined. The trape- 
zoid formed upon the dorsal surface by the grooves between the dif- 
ferent areas is the exact reverse of this formed by the margin, and is 
not as clearly defined as in the female. The thoracic area is niore 
nearly semicireular in outline than quadrilateral (fig. 65). 

The large basal jotuts of the third legs project from either side of 
the median carapace lobe and do not overlap the lateral lobes, nor 
even veach them. The genital segment is very small, scarcely wider 
than the abdomen, as wide as long, with evenly rounded sides. The 
fifth legs appear as very small papillie upon the lateral margins near 
the posterior end of the segment. The abdomen is two-jointed, the 
joints of the same diameter but the terminal one four times the length 
of the basal. 

Anal papille very large and foliaceous, with long and slender plumose 
seti, 

The only appendages which are at all worthy of special mention are 
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the second antenne and the second maxillipeds, The second antenne 
are very much enlarged and. three-jointed. The two basal joints are 
stout and swollen, while the terminal joint is considerably smaller and 
terminates in a short, stubby claw. The ventral surface of the second 
joint is parted for a little distance from the distal end by a deep groove, 
which, starting at about the center of the distal margin, curves around 
inward in a broad sweep and disappears quiekly upon the ventral sur- 
faee. Along either side of this groove the chitin integument is raised 
in transverse folds whose anterior edge overlaps the posterior one of 
the fold next in front, thus giving a rasp-like surface which must be of 
great assistance in the prevention of slipping. The line of folds along 
the inside of the groove extends backward, following the sweep of the 
groove, across the ventral surface to the proximal end of the joint. 
The folds along the outer side of the groove stop with the groove 
itself. The terminal joint is exceptionally peculiar. It is about as 
wide as long and consists essentially of a very stout claw which is blunt 
and strongly curved at the tip. But upon the ventral surface of this 
claw near the posterior margin are two stout accessory spines, each 
arising from a raised base, And in the center of the basal portion of 
the elaw isa cireular, raised area with its surface thrown into longi- 
tudinal ridges or folds, which project considerably. This, like the 
rasp-surface on the seeond joint, must assist in obtaining a firm hold, 
and are the more needed im the male sinee these antenne are used for 
clasping organs. 

The second maxillipeds are much larger than those of the female 
hut otherwise like them, aud they evidently serve as accessory clasping 
organs, 

Total length of female 4 mm.; length of carapace 2.1 mm.; width 
2,1 mn.; length of genital segment 1 mm.: length of the abdomen 
0.8 mm.: length of ege-strings 2.5 mm. Total length of male 5 mm; 


mo 


length of carapace 1.75 mmi; width 1.66 mm.: length of genital 
segment 0.4 mm.; length of abdomen 0.62 mm. 

Color a dark yellow. inclining toward brown in many specimens. 
(schistonyr, TXIS@ to cut or divide, and "orvá a claw.) 

The National Museum colleetion includes five lots from the common 
menhaden (Breroortia tyrannus), numbered 6052, 6060, 6071, 6150, 
6157. Of these, the first three contain but a single female each, while 
the last two contain thirteen specimens, two of which are males. They 
were all obtained from the outside of the body. There is a single 
female, numbered 6151, from the outside surface of the blue-fish 
(Pomatomus saltatrir), and nine lots obtained from the tow. Of these 
latter, eight are numbered 6038, 6070, 6095, 6095, 6009, 6100, 6101, 
S111, while the ninth is without a number. The first of these lots con- 
tains four males, the other eight lots are made up of a single specimen 
each and evenly divided between the sexes. 
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This distribution shows two facts very plainky. First, the menhaden 
is evidently the host of the species, the presence of a single specimen 
on the blue-fish being easily explained by the fact that the latter feeds 
upon the menhaden. And then such a large percentage taken in the 
tow indicates that this species is very active, as much so as (5 rapas, 
although its hosts are nowhere near as numerous as those of the latter 
species. 

There is also a strong suggestion that these parasites are not likely 
to change their depth very materially: those which frequent surface 
fish stick to the surface even when they are swimming about freely. 
And probably the same can be said of those which are parasitic on fish 
that frequent the botttom. 

This species is not very abundant, as the paucity of specimens clearly 
shows. As they were all taken in the latter part of August and the 
first of September, this period is probably the height of the breeding 
Season, 

The species ean be recognized easily by the sharp angles at the 
posterior corners of the carapace and the general trapezoidal appear- 
ance of the latter, The diagnosis can then be verified by an examina- 
tion of the claws at the tips of the first swimming lees, 

CALIGUS RAPAX Milne Edwards. 

Plate VII, figs. 3, 7, 9, 10, 18, 22, 23, 26, 32, 30, 46, 47, 45,49, 50 in the text. 

Caligus elougatus NORDMANN, 1832, p. 24. 

Caligus elongatus Kroyer, 1837, p. 201. 

Caligus rapa MILNE Epwanps, 1840, p. 455, pl. xxxvi, tigs. 9-12. 

Caligus elongatus MILNE EDWARDS, 1540, p. 454. 

Caligus leptochilus Prey and Levekart, 1847, p. 165. 

Caliqus rapar Barb, 1850, p. 270, pl. xxxu, figs. 2 and 38.—Wuerr, 1850, p. 
]19,—NTEENsTRUP and LÜTKEN, 1861, p. 359, pl. ir, fig. 4-—Kréyer, 1803, 
p. 71.—Onsson, 1868, p. S. — Macrxrosit, 1874, p. 262.—B8w rri, 1874, p. 575. — 
Ricitragpi, 1880, p. 148.—Basserr-Surrir, 1896, p. 156; 1899, p. 448.—Brian, 
1898, p. 10, pl. i1, fig. 6; 1899, p. 2.— T. Scorr, 1900, p. 148, pl. v, figs. 15-19. 

Femele.—Frontal plates wide; frontal margin slightly rounded; 
lunules large, orbicular, and projecting considerably. Carapace ovate, 
longer than wide; posterior sinuses narrow, of medium depth, and 
with approximately parallel sides; thoracic area broad, three-fifths of 
the entire width, well rounded, and projecting posteriorly about the 
depth of the sinuses beyond the lobes; lobes narrow, short, slightly 
wider at the tips (fig. 19). 

Free thorax segment very short, only three-tenths as wide as the 
carapace. Genital segment large, more or less quadrilateral, with 
rounded corners, slightly wider than long, seven-tenths the width of 
the carapace. Abdomen unsegmented, varying considerably in length 
(from 0.5 to 8 the length of the genital segment), about half ax wide 
as the genital segment: anal sinus scareely perceptible: anal lamin of 


longest about three times the length of the lamine. 

First antenne large, their tips nearly equaling the extreme width 
of the earapaee; terminal segment, about the same length as the basal, 
one-quarter as wide as long. 

Second antenne close together and rather weak, with a small sup- 
plementary hook on the posterior margin of the basal joint. Mouth 
with a somewhat quadrilateral opening fringed by long seti; margin 
of the upper lip incised at the center: mandibles stout, strongly 
curved, and toothed along their inner border. 

First maxilke small, short, and slightly curved; second maxillie 
slender, nearly straight, and acuminate. 

First maxillipeds with a very slender terminal joint about half as 
long again as the basal joint, the two curved claws at the tip very 
unequal. Second maxillipeds fairly stout, the basal joint aud the ter- 
minal elaw of about the same length, the latter with a small curved 
spine on its inner margin. 

Of the swimming lees the first pair is three-jointed; the basal joint 
is swollen and armed with two spines on its outer margin, and a chitin 
plate carrying a spine on its posterior margin. 

The plate is transversely elongated and has a large blint projection 
near its distal end. 

The fourth swimming legs are three-jointed: the triangular second 
joint terminates externally in a lone spine; the terminal joint has a 
stout spine on Its external margin, and three long and one short (the 
inner) spine at the tip. 

Total length 5-7 mm. Length of carapace 2.6-3.6 mm.; length of 
genital segment 1.5-2.2 mm.; width of carapace 2.4-3.4 mm.; length 
of abdomen 1-1.5 min.; length of ege-strings 2.6-3 nun. 

Male.—Carapace about as broad as long and relatively wider ante- 
riorily than in the female; the posterior sinuses are also much wider 
and their sides are flaring instead of parallel. The thoracic area is 
only one-third the width of the carapace, and it scarcely. projects pos- 
teriorly at all; the lobes are much wider than those of the female and 
are well rounded. The free thoracic segment is considerably longer 
and narrower than in the female, while the genital segment is pear- 
shaped, only one-third the width of the carapace and well rounded 
posteriorly, The abdomen is about the same length as the genital 
segment, two-jointed, with the first joint one-third as long as the 
second (fig. 50). 

The anal laminæ are long and large; and are attached to the outer 
posterior corners of the abdomen; the plumose setze are fully twice as 
long as in the female. 

On the ventral surface the second antennie and second maxillipeds 
are stouter than in the female, and the small spine on the side of the 
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latter is much larger. In the fourth swimming legs the terminal joint 
is longer, and the spines and sete differ slightly in their relative length 
and arrangement. In both the male and female the bases of these 
spines are reinforeed by semicircular plates fringed with small hairs. 

Total length 4—5 mm. Length of carapace 2.25 mm; width of same 
2 mn; length of genital segment 0.75 umi.; length of abdomen 1 mm. 

AXeeuplius larva. Body elliptical. widest at about the center; width 
to the length as 2 to 5. Appendages projecting far beyond the body 
margin and typical in form (fig. 386. p. 536). 

First antenne uniramous, terminating in two plumose sete: second 
antenne and mandibles biramous; exopod four-jointed, endopod two- 
jointed; cach joint of exopod bearing a long plumose seta, while the 
terminal Joint of the endopod carries two sete. 

The median eye is placed very far forward and concealed beneath a 
spot of pigment. The anal sete are flattened spoon-shuped, of good 
length, and they project sidewise from the body instead of diagonally 
backward. "Phe color is a pale yellowish, with rust-colored pigment 
distributed in five spots, a small area over the median eve anteriorly, 
a large area on either side at the center, and a small area on either 
side just in front of the anal sete or balancers. The pigment is com- 
paratively faint and scarcely appears under a low power as it does in 
other species. The anterior half of the body is very transparent and 
shows the internal structure plainly. Total length, 0.4 mm. Width, 
0.223 mm. 

Chalimus stage, Carapace elongate-ovate or spindle shape, nar- 
rower anteriorly; frontal plates narrow and inclined backward along 
the front margin of the carapace. Posterior lobes small, turned 
inward strongly, and with scarcely any sinus: posterior margin of 
carapace squarely truncate. Eyes a little behind the center of the 
carapace, large and prominent; frontal gland very large and oecupy- 
ing the whole of the anterior angle of the carapace. Free segment 
much larger than in the adult, one-third the length, and more than 
half the width of the carapace, its sides strongly conyex. Genital 
segment and abdomen at first fused and about the same width as the 
free seginent, but separating with the first moult, the abdomen several 
times the larger. Anal lamin short and wide, and projecting diago- 
nally sidewise rather than straight backward: the plumose setze very 
short and stout. Both pairs of antenne and all the mouth parts pres- 
ent but somewhat rudimentary, especially the second antennie, whose 
terminal joint is little more than a small spine on the tip of the large 
basal joint (figs. 46-50). 

The first two pairs of swimming legs are the only ones developed in 
early chalimms stages, and they are worthy of notice from the fact 
that the first pair is biramose: but the endopod is made up of a single 
joint, which is very small and quickly disappears. Color the same as 
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that of the adult, except that the pigment spots are much fewer in 
number aud more widely separated. Length 2 mm., inereasing grad- 
ually to 3.5 or 4 mm. Width of carapace 1 mmi., increasing to 2 mm. 
Width of free segment0.55 mm., length 0.55 mm. Length of abdomen 
0.5 mm. 

(rapar, rapacious, greedy.) 

This is the most common species of the genus on the northeastern 
coust of the United States, having been taken from more than twenty- 
five different kinds of fish by many collectors working in the interests 
of the United States Fish Commission. 

The author, following the example of Mr. Richard Rathbun, as 
expressed in some very valuable manuscript notes, the substance of 
which is here presented, has been liberal in his interpretation of specific 
characters. In consequence, there are included under this species indi- 
viduals which some investigators would probably subdivide into several 
lots. But after a very careful comparison the differences observed are 
really too obscure to be of much value for classification, The variation 
does not extend far in any one direetion, and there is comparatively 
little difference in size. The detail of the appendages agrees very 
closely in all the specimens, and careful comparisons have been made 
in every instance with authentic specimens from Europe. Specimens 
from the mackerel present perhaps the most marked differences in 
structure, but they vary among themselves and many are perfectly 
normal. These differences coneern chiefly the fourth pair of legs. 
Sometimes the second of the terminal spines, counting front the proxi- 
mal end of the terminal joint, is wanting. Again, the ultimate aud 
penultimate joints are relatively shorter and stouter than in normal 
specimens; or the three successive spines on the outer margin may 
overlap one another; or the fringed disks at the bases of these spines 
may he so little developed as to be overlooked. In specimens from 
other tish the furca may have shorter and stouter branches, while on 
the common flounder individuals may be found with the abdomen so 
much shortened as to appear like those of C. enrtus. But in all these 
instances the other appendages ure perfectly normal, and it does not 
seem as if these differences were worthy of creating even a well-marked 
variety, to say nothing of a distinct species. 

They must be mentioned, however, to show that they have been 
noted and given the proper attention. 

Both sexes are usually found upon the same fishand occur any where 


upon the external surface, often showinga preference for the pectoral 
fins. Upon the flounders and skates they are commonly on the upper 
or pigmented surface, but also occur on the unpigmented ventral sur- 
face. Here again, as in the case of the Arguli, when we retleet that 
these fish frequent the bottom, and that they often bury themselves 
in the sand or mud, we ean appreciate better the effectiveness of a 
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prehensile apparatus which holds the Caligus securely to its host, even 
in the presence of so much friction. 

Of course the color of the Caligus harmonizes better with the pig- 
mented side of the fish; ou the under surface the copepod stands out 
in strong contrast with its surroundings. 

The egg strings in this species are comparatively short, and this gives 
the female greater freedom of motion, Both males and females are 
more lively than most species, and they manifest this activity fre- 
quently by leaving their host und. swinuning about freely. This hap- 
pens more often at night than during the daytime, and several investi- 
gators have recorded the capture of both sexes in the tow along with 
free forms, 

Such a habit possibly helps in explaining their presence upon so 
many different kinds of fish. Many of the latter, no doubt, are mere 
temporary makeshifts to tide over a necessary interval and to keep 
the copepod supplied with food until it can return to its regular host. 

Associated with its distribution among so many hosts is a consider- 
able variation in the color pattern. Most specimens have a pale 
orange tint and are more or less transparent, but it can be readily 
seen that those obtained from dark fish or from the darker pigmented 
surface are themselves of a deeper color and more opaque than others 
from light tish or from a nonpigmented surface. The difference is due 
to an increase or decrease in the number of pigment spots and not to 
any fundamental change in the pigment itself. Eaeh spot consists of 
an uniformly colored center as if washed in with water color, and 
long irregularly radiating filaments. The spots are thickest along the 
margin of the carapace where the filaments are interwoven into a dense, 
narrow band, close to the margin. Similar but much wider bands are 
found along the sides of the genital segment and the abdomen. There 
is also a spot of pigment just dorsal to the furca, and another upon 
either side on the basal lamina of the third pair of legs, showing dor- 
silly between the carapace aud abdomen. The frontal plates, the 
region over the eyes, the whole of the thorax, including the segments 
fused with the head, and the center of the genital segment and abdo- 
men are ordinarily free from pigment. 

This species has been secured from the following fish on the North 
American coast, mostly by the United States Bureau of Fisheries. The 
numbers are those given to the separate lots in the National Museum. 
From the common flounder (/4eudopleuronectes americanus), lots 1267 
and W. 15; from the four-spotted flounder (Paralichthys oblongus), lot 
12607; from the cod (Gadus morhua), lots 8112, 8115, 12635, 12636, 
12638, 12640, 12641, 12662, 198935 of those collected and numbered by 
Vinal N. Edwards, V. N. E. 1405, 1412, 1418. 1417, 1420, 1422, 1462, 
1460; of those collected and numbered by the author. W. 5, 10, 16, 22: 
from the haddock (Melanogrammus cglefuus), lots 12611, 12626, 12640, 
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and W. 6; from the pollack (J o/fach/ius sirens), 12609, 12625, W. 1L, 5, 
and 5; from the hake (Crophyecis chuss), 12028, 12640, W. 2 and 23; 
from the hake (Crophycts tenuis), 60094, 6161, 6165; from the lumptish 
(Cyclopterus lumpus), 12617; from the mackerel (Scomber scombrus), 
19620, 12621, 12622; from the senp (SNfenotom us chrysops), 12630, W. 
20; from the striped bass (Zoccus lineatus), 12612; from the alewife 
(CChupea. vernalis), 12624; from the sturgeon (Gdezpenser sturio), 12623, 
W. 21; from cle/penser breecrostrim, 12610, 12615, 12618. 12629; from 
the sting ray (Dasyatis centrura), 61858; from the skate (Jue leris). 
6163, 12608, 12652, 12631, 12642, 12648; from Raiu occhl lata, 6005, 6104, 
6112; from Rasa erinacea, 1939. W. LE and 24; from the spiny dogfish 
(Squalus acanthias), 12689; from different seulpins, S114; from the 
whiting (Menticirrhus saratilis), 6164; from the shad (Aosa sapidis- 
sinit), 12612; from the swordtish (LV/pAées gladius), W. 12; from the 
rudder tish (Ayphosus sectatrir), taken in floating gulf weed, W. 11: 
from the sand shark (Curcharias littoralis), W. 9: from the remora 
(Remora remora), W. 13; from the crevalle (Carane crysos), W. 15: 
from the cutlass fish (ZiéeA/urus lepturus), W. 19; from the sand launce 
GC Loumnoduytes americanus), one unnumbered lot. There is also a single 
specimen of the chalimus stage still attached to a small Monacanthus 
and numbered W., 20. Other specimens of the chalimus are numbered 
6110, 61485. 6191, and W. L. From the surface were obtained lots 
HOUT, 6197, 8110, 12614,-12616, 12619, and W. 3, some of which con- 
tain several specimens. The National Museum also possesses a fine 
series of specimens from the Durham coast, England, contributed by 
the Rev. A. M. Norman, numbered 12906. These have been taken us 
the types of the species, and with them all the American forms have 
been carefully compared. 


CALIGUS MUTABILIS, new species. 
Plate VIII, fig. 2 in the text. 


Female. —Carapace about three-sevenths the entire length. as long 
as wide. not narrowed anteriorly. Frontal plates well defined, but less 
than half the width of the carapace; lunnles large, circular, and pro- 
jecting, Posterior sinuses wide and slightly inclined away from the 
central axis. Median lobe much less than half the entire width and 
projecting only a little beyond the lateral lobes; the latter blunt and 
well rounded (fig. 90). 

Thoracic aren medium size, the anterior groove almost a perfect 
semicircle. Free thorax segment short and narrow, about one-fourth 
the width of the carapace, and contracted. into a much narrower neck 
just in front of the bases of the fourth legs. Genital seenient very 
variable, according to the age of the individual as well as the develop- 
mental stage of the eggs. In young females and in the adults before 
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the protrusion of the egg eases this segment is a broad flask shape, a 
little wider than long, witli well-rounded sides, and a squarely-trancated 
posterior border. Its width under these conditions is fully three- 
fourths that of the carapace and sometimes more. 

But after the protrusion of the egg cases it assumes an elongated 
spindle shape, wider posteriorly, and with a somewhat emarginate pos- 
terior border. In this condition it is about one-lifth longer than wide 
and narrows toward either end, its extreme width being less than two- 
thirds that of the carapace. 

It is always contracted into a short, narrow neck where it joins the 
free segment, and is wrinkled across this neck as though segmented. 
The abdomen is short, but little more than half (0.64) the length of the 
genital segment in females with egg cases, and about one-third its 
width. It is two-jointed, the joints approximately the same length, 
hut the anterior one a little wider. 

Anal Jamin small, well separated, and somewhat curved in toward 
ach other. Ege cases short, half the length of the body, but about as 
wide us the abdomen, and each containing 50 eggs. 

Anterior antenne short and closely appressed to the carapace; pos- 
terior antenne stout, with a swollen basal joint bearing un accessory 
spine and a strong terminal hook. 

First maxillis medium size with a blunt point and an enlarged base: 
second maxille very long and slender with an acuminate point. First 
maxillipeds with an exceptionally stout basal joint, which is fully three 
times the diameter of the terminal joint, this latter being the usual 
weak type, a little shorter than ordinary and tipped with two strongly 
curved elaws. Furca a rounded Y-shape. the base being the same 
length as the branches. but much narrower, while the branches are 
stout. blunt, and strongly curved. First swimming legs short and 
stout, with the usual terminal claws, the small seta at the corner, and 
the three large plumose sete on the posterior margin of the terminal 
joint. But these. plumose sete differ from those in most species in 
that the basal third is swollen in diameter and bordered not by plumose 
hairs like the tip. but with spine-like projections. The seta nearest 
the distal end has them on the outer margin only: the middle seta has 
about half as many on the inner as on the outer margin, while the 
inner seta has them on both margins equally. 

The basal joint of the second legs is very much swollen, while the 
two branches are short and stout. The spines on the endopod are 
slender and acuminate. The ramiof the third legs are large and stand 
out prominently from the edge of the basal lamina. The spine at the 
base of the exopod is also large, well curved. and blunt. The fourth 
legs ave short and weak. not reaching to the center of the genital seg- 
ment, three-jointed, with five spines of about the same length situated 
close together along the outer margin. The two terminal joints are 
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about the sume length and diameter as the basal joint. At the bases 
of the spinesare small semicircular laminie fringed with hairs like those 
in (5 rapar and several other species. The fifth legs are not visible 
dorsally. 

Total length 5.6 mm. Length of carapace 2.5 mm. ; width of cara- 
pace 2.2 mm; length of genital segment 1.9 mm.: length of abdomen 
1.1 mm.; length of egg tubes 2.5 mm., 50 eggs in each. 

JMale.—Carapace a little more than half the entire length, longer 
than wide, otherwise similar to that of the female (fig. 91). 

Free thorax segment bearing the same relation to the carapace as 
in the female, but being wider than the genital segment, owing to the 
diminution of the latter. 

Genital segment 2 very narrow spindle shape, less than one-fourth 
the width of the carapace, and three fifths as wide as lone. 

It is wrinkled where it joins the free segment just as in the female, 
but is narrowed almost none at all, for it is already much narrower 
than the genital segment in consequence of its spindle shape. Abdo- 
men the same length as the genital segment and two-thirds as wide, 
made up of two joints, of which the anterior is considerably shorter 
than the posterior and subspherical in shape. Anal lamin very large 
and foliacecons. Appendages as in the female except that the poster- 
ior antenne are branched, while the first maxille are elongated into a 
long. slender hook, evidently used in prehension. The second maxil- 
lipeds are enlarged and form the chief organs of prehension. The 
fourth lees are relatively large and overlap somewhat the basal joint 
of the abdomen. 

Total length 2.4 mm. Length of carapace 1.55 mm.; width of cara- 
pace 1.7 inn; length of genital segment O.7 nmi; width of sume 
0.45 mm. 

Color a light horn yellow, delicately pencilled with pigment spots of 
pink and red, which are most prominent along the central axis of the 
earapace and in the posterior lateral angles. 

Quutabitis, changeable, referring to the shape of the genital seg- 
ment at different times.) 

This species agrees somewhat with a variety of C. gurnardi figured 
by Kroyer (1868. pl. u., fig. 9. e). but the carapace is proportionally 
shorter and broader, the lunules are larger, and the furea is much 
more slender. The species /rr/tans deseribed by Heller (1565, p. 177, 
pl. xv, figs. T and S) has similar large lunules, but a much narrower 
carapace and a very different furca. The species Sonye, Steenstrup 
and Lütken (1361, p. 358, pl. tir. fig. 5), has very much the same pro- 
portions, but differs markedly in structural details. 

It can be readily distinguished from other American fornis by the 
simple fact that it is the only one having the abdomen about the same 
length as the genital segment and trw-jointed. 
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It is nota very lively species, and thus far has a limited number of 
hosts, The National Museum collection includes several lots of speci- 
mens taken at different tines, but all. with two exceptions, from 
similar hosts the sea basses. As the scientitie name of the host is not 
recorded in most of the instances, it ecan not be determined whether 
these hosts were all the same species or not. Lot 6155, consisting of 
ten males and females from the mouth of Contropristes striatus, is 
taken for the types of the new species. There is another lot, 6119, 
from the mouth of a “sea bass.” and six. unnumbered lots, all from 
the mouths of “sea bass" at or near Woods lole, except a single 
female from the mouth of a pollock and another from the mouth of a 
bonito. 

CALIGUS ALIUNCUS, new species. 
Plate IX. 


Finalc— Carapace ellipitical, one-fifth longer than wide. Frontal 
plates distinet and very wide, not cmarginate at the center; frontal 
margin nearly straight. — Laundes large, semicircular, prominent. 
Posterior sinuses narrow and quite deep. leaving the median lobe 
nearly two-thirds the entire width; lateral lobes narrow and curved 
inward. "Phoracie area very large, half the length of the carapace 
and more than two-thirds of the width (tig. 103). 

Free thorax segment transversely linear, nearly as wide as the geni- 
tal segment, but very short. Genital segment quadrangular. two- 
fifths as lone as the carapace. a little wider than long, with short and 
blunt posterior lobes. 

Abdomen one-tifth shorter than the genital segment. but more than 
half as wide. made up of four segments, of which the two end oues 
are about equal and considerably larger than the middle oues. 

The terminal segment is deeply hollowed on either side posteriorly 
for the reception of the small, lateral anal lamin. 

These latter are nearly spherical and do not reach beyond the tip of 
the abdomen: they each carry three long plumose seta posteriorly and 
a much shorter one ou the outer margin. 

Kee cases narrow, scarcely more than one-third as wide as the abdo- 
men: eggs small and numerous. 

The first antenna are a little longer than the frontal plates. the two 
joiuts about the same length, but the terminal one very much the nar- 
rower. Second antenne. short and stout, with a broad terminal claw 
and no accessory spine. No trace could be found of the first maxillie. 
Second imaxillie stout. broadly triangular. and nearly as long as the 
mouth tube. 

The latter is broadly U-shaped. a little more than half as wide as 
long, and abruptly rounded at the tip. 

Furea Y-shaped. the base longer than the branches and considerably 
constricted: branches thick, blunt. and divergent, 
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Claw of the second maxilliped less than half the length of the basal 
joint, slender, and strongly curved at the tip. 

First thoracic legs tipped with the usnal three claws but lacking 
the seta at the inner distal corner between the three terminal claws 
and the three posterior sete. The elaws are short and stout, all of 
the same length, and all fringed on either side from the base nearly 
to the tip with a lamina or wing which is sharply serrate (fig. 109). 
Second lees ordinary, save that the large spines upon the exopod are 
ach fringed with a serrate wing like those on the claws of the first 
legs, Rami of the third legs quite widely separated: claw on the 
exopod very large, nearly straight, and with a wide, nouserrate wing 
along either side, giving ita broadly spatulate outline. 

Fourth legs large, reaching about to the posterior margin of the 
genital segment, four-jointed, with the usual five spines; but the 
spines upon the second and third joints are inch larger and longer 
than usual, and, together with the three curved terminal spines, are 
fringed with a wide serrate wing along either side from the Gp nearly 
to the base. There is in addition a peculiar appendage upon the outer 
distal margin of the basal joint. This eonsists of a thread-like or 
whip-like projection longer than the second joint, very pliable, and 
apparently muscular rather than chitinous. 1t is tipped with a long 
plumose seta and is evidently tactile, but what other function it may 
serve is a question. The fifth legs are situated just ventral to the 
bases of the eee eases, are very small, and do not project. beyond the 
posterior border of the genital segment. 

Total length Timm. Length of carapace 4 mim. ; width of same 3.3 
mm.: length of genital segment 1.5 mm.: width of same 1.7 mm.; 
length of abdomen 1.23 mm. Eve strings broken so that their 
length ean not be determined. 

Unfortunately there is but a single specimen— a female—as the expo- 
nent of this species. This specimen was taken at the surface nnder 
the attraction of an electric Hight. The label is one of the United 
States Bureau of Fisheries steamer Albatross labels, but no loeality is 
given. But the specimen differs in so many particidars from other 
species of Cul/gus as to leave no doubt of its validity. There is only 
one other species of Cii /gis known, C. coryphene, in whieh the abdo- 
men has four joints, and in that species the size and proportions of the 
free and genital segment are entirely different. The winged margins 
on the claws and spines is another distinctive feature, and is the one 
which has suggested the speeitie name. 

(al zuneus—ala, a wing, and uaers, a elaw.) 
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CALIGUS CURTUS Müller. 


Plate NX, figs. 8, 24, 28 in the text. 


Culigus curtis MULLER, 1785, p. 130, pl. xxi, fig. 1,—SMirit, 1874, p. 575.—Ratu- 

BUN, 1884, p. 456. 

Caligus muller’ Lscu, 1810, p. 405, pl. xx, figs. 1-8.— Da Na, I854, p. 1552. 

Caligus hicuspidatus NORDMANN, 1852, Ll, p. 07. 

Caligus conerieiinus PiekgiNo and Dana, 1838, p 65, pls. nir, iv, v.—Daxa, 
1554, pl. xeu. 

Caligus diaphanus Batkp, 1850, p. 289, pl. xxxi, fig. 1 

Caligus elegans VAN PENEDEN, 1851, p. 91, a male. 

Female, — Carapace somewhat longer than the rest of the body, obo- 
vate. Frontal plates distinet, the anterior margin well rounded and 
incised at the center. Lunules large and circular, not very widely 
separated and not projecting, Posterior sinuses narrow, shallow. and 
with nearly parallel sides; the median lobe less than hałf the entire 
width, projecting for two-thirds of its length beyond the lateral lobes; 
the latter broad and well rounded (fig. 118). 


Thoracie area quadrilateral, comprising about one-third of the eara- 
pace: its anterior groove nearly straight. Eyes small and situated far 
forward, Free segment short and very narrow, not more than half 
the width of the genital segment, and spindle-shaped. Genital seg- 
ment oblong, half as long as the carapace, with parallel sides and well- 
rounded corners. There are no lobes on this segment and the fifth 
legs are not visible dorsally. Abdomen short, half as long as the 
genital segment. often slightly swollen at the center. Amal lumine 
rather small with very long setze; egg strings wide and about as long 
as the entire body. 

Anterior antennae large, the basal joint much longer and wider than 
the terminal and both joints plentifully supplied with setie and spines, 
These antennae stand out very prominently from the carapace. Second 
antennie stout, with a long accessory spine on the inner border of the 
terminal claw, near its base. 

First maxilke of good size and sitnated close to the edge of the 
carapace, the terminal portion strongly curved and the base eonsider- 
ably swollen. Second maxillie broadly triangular with curved sides, 
abruptly narrowed near the tip into an acuminate spine. "his repre- 
sents the endopod of the appendage, while upon the ventral surface of 
the base of the triangle is the rudimentary exopod, consisting of a long. 
slender spine and three or four small sete. "his exopod is articulated 
with the base of the endopod and is capable of considerable motion, 

The mandibles are curved inward and dentated along the inner edge, 
the number of teeth being about fourteen. 

First maxillipeds very slender and weak, the terminal joint. much 
longer and narrower than the basal, with a short spine on its inner 
margin near the distal end. The two claws at the tip of these append- 
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ages are doubly edged with a finely pectinated membrane, Second 
maxillipeds large and stout, the basal joint much swollen and at least 
a third longer than the terminal claw. Furca short and very stout, 
the hase longer than the branches, which are straight and slightly 
divergent, the same diameter throughout and very blunt at the tips. 

Of the swimming legs the three terminal spines at the tip of the first 
pair are short, obtuse. and about the same length. 

The seta at the outer corner is also short and naked; the plumose 
sete on the posterior margin are large, with very short pinnules on the 
outer margins, but of the usual length on the inner. 

The rami of the third legs are large, well separated, and closely 
approximated to the margin of the basal apron, the claw at the base of 
the exopod being of medium size and rather blunt. 

The fourth legs are three-jointed, with four spines, one at the 
extremity of the second joint and three at the tip. all well curved. 
The first three are small and of approximately the same size, the fourth 
(the inner terminal) one is nearly three times as long and toothed on 
its outer margin. The two short terminal spines are edged along 
either side with a pectinated membrane. There is also a short semi- 
circular membrane with a sharply serrated margin projecting like au 
epaulette over the base of each of these three spines. 

The fifth legs are so small as to be invisible dorsally. ‘Total length 
5-12 mm. Length of carapace 6.1 mm.: width of same 5.9 mm. ; 
length of genital segment 2 mm.; length of abdomen 1.2 mm.; length 
of egg strings Lf mm. 

Color a uniform transparent horn color, often. marked in older 
individuals with numerous dendritic delineations of an ocher yellow. 
A short time after death the copepod assumes au eutire change of 
color, becoming a deep rose red. This new color is disposed in den- 
dritic delineations corresponding to those of the ocher yellow and in 
all probability the yellow is changed. into the ved during dissolution 
(curtis, shortened.) 

Male.—Carapace hroad ovate, as wide as long, strongly narrowed 
anteriorly. | Posterior sinuses inclined toward the central axis; median 
lobe wider than in the female; lateral lobes plump and well rounded. 
Free segment as wide as the genital segment, but with the sume spindle 
shape as in the female. Genital segment orbicular with well-rounded 
sides and posterior margin, a trifle wider than long. with the fifth legs 
showing prominently at the posterior corners. It is much smaller 
than in the female, being only one-third the length of the carapace. 

The abdomen is a little longer than the genital segment, contracted 
where it joins the latter, and considerably swollen at the center. Anal 
lamine very large and folinceous (fig. 112). 

Of the appendages the second antennie and second maxillipeds are 
the only ones requiring special mention. 
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The second antenne are much longer than in the female and three- 
jointed; the basal joint is broad and oblong and is attached to the ven- 
tral surface by its long posterior side. At its inner extremity it turns 
upward to receive the following joint. Phe second joint is broad and 
well rounded; its entire inner and ventral surface is covered by a 
swollen. pad formed of chitin ridges overlapping one another like 
clapboards on a house, giving an admirable rasp-like surface for the 
prevention of slipping (fig. 123). 

The terminal joint ix obliquely articulated with this second joint and 
is much smaller and shorter. Tt terminates in two stout claws, widely 
divergent and quite strongly curved. 

There is a slender seta on the outer margin and another on the inner 
surface near the base. 

The second. maxillipeds are much enlarged. the basal joint being 
swollen with a width considerably more than half its length (fig. 124). 

The terminal claw is less than half the length of the basal joint, but 
is stout and furnished with powerful nmseles. Its tip shuts into a 
socket formed at the base of a large spine on the ventral surface of 
the basal joint, affording a strong grip. Between this spine and the 
hase of the terminal claw there is another shorter and smaller spine 
with an acuminate tip. This sbuts in past the side of the terminal 
claw when the latter is closed and thus strengthens the hold. The 
other appendages are like those in the female. 

This species is one in which the males are larger than the females, as 
‘an be seen in the following measurements: 

Total length 13-20 mm; length of carapace 7.5-12 mm.: width of 
same 7.4-11.5 mun.; length of genital segment 2.5-4 mm.: length of 
abdomen 2.5-4 mm. 

Chalimus, later stages. Carapace narrow ovate, much longer than 
wide, about 0.64 of the entire length. contracted considerably through 
the frontal plates. Posterior sinnses narrow and slit-like; median lobe 
projecting nearly its entire length. behind the lateral lobes (fig. 115). 

Posterior portion of the body very narrow and of nearly the sme 
diameter throughout. Free segment of good length and well rounded 
at the sides; genital segment also well rounded, with the fifth legs 
showing on either side near the posterior end. 

Abdomen a little narrower, but with well-rounded sides: anal luminie 
large and broad. 

The linnles appear early upon the frontal. plates and are large and 
semicircular in outline. The eyes are small. highly colored, and placed 
relatively much farther back of the frontal margin than in the adult. 
The appendages are nearly the same as in the adult. 

Chalimus, early stages.— Carapace, a still narrower ovate, becoming 
sharply pointed in front. This latter is due almost entirely to the 
frontal plates; whose width is more than one-third the length of the 
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nrapace. They taper forward to a sharp point al the base of the 
frontal filament as though pulled out by the latter. The two terminal 
joints of the first antenna are attached to the posterior border of the 
frontal plates, giving them the appearance of being attached to the 
lateral margin of the carapace, well back toward its center (fig. 114). 

The eyes are so fur back as to be a little behind the apparent center, 
though they are not far- from the actual anterior margin of the eara- 
pace. There are no posterior sinuses, the third thorax segment not 
having vet fused with the head. This leaves the posterior margin of 
the carapace concave, the posterior corners projecting somewhat. The 
third thorax segment is separated by a well-defined groove from the 
carapace; it is a little wider, but only half as long as the fourth seg- 
ment, and from its well-rounded sides project the third swimming legs. 

The latter have not vet acquired their broad basal apron, but are 
almost exactly like the second pair, and the exopods can be plainly 
seen in dorsal view. The fourth segment is long and large, with well- 
rounded sides; the fourth legs are attached near its posterior margin 
and are quite rudimentary. 

The genital sefment and abdomen are still fused, though the line of 
separation is indicated by a deep indentation on either side. 

The anal lamina are small but the plumose setze are long and stout. 

The total length of the earliest stages is only a trifle over 2 milli- 
meters, of which the carapace, including the frontal plate, makes up 
about four-sevenths. 

This species occurs very frequently and often in great abundance 
upon the codfish of our coast, but has been rarely observed on other 
species of fish. Most of the specimens in the collection of the National 
Museum agree closely with the Caligus americanus, so well described 
by Pickering and Dana (1838). 

But there are a few lots of females in which the abdomen is broader 
and more nearly quadrangular. A careful examination of these 
specimens, however, fails to reveal the slightest differences in the 
appendages and hence they can not he regarded as even a variety. 
This is one of the species upon which Müller founded the genus 
Caligus in 1185, and is the only one of the types which has proved to 
he a real Ca/igus, the others belonging to other genera. Hence the 
present species is left as the sole type of the genus. 

Many lots of specimens have been obtained by the United States 
Fish Commission from codfish taken alone the New England coast 
from Maine to New York, and on the offshore fishing banks. They 
are exceedingly abundant during the autumn of the year when the 
shoal-water fish are brought into the local markets, and they gradually 
diminish as the season advances. They are most numerous on half- 
grown fish and may be found anywhere upon the externa! surface or 
the fins. Phey are also rarely taken in company with C. supar in the 
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mouth, but never, to the author's knowledge, within the gill covers, 
They are not as active as caper, but upon occasion ean move about 
with equal speed and facility. They live but a short time after being 
taken from their host since they exhibit to a marked degree the per- 
nicious habit of crawling up out of the water and remaining there 
until dead. They are also very susceptible to a slight rise in tempera- 
ture: Piekering and Dana say (p. 67) that ‘when the temperature 
has been as high as 60 F.. they have generally died in the course of 
a short time.” The author's experience has heen similar, although no 
actual temperature tests have been made. 

Being susceptible to so slight a rise it becomes extremely difficult 
to handle them during the summer months, when most of the research 
work is being done at the Marine Biological Laboratories, It is not 
surprising, therefore, that so little has been ascertained in regard to 
their habits and development, even though they are so common. 

The Museum collection includes the following: 

From the codfish (Cadus morhua) of Woods Iole and the imme- 
diate vicinity four lots numbered 11618; and one each 12305, 12640, 
12650, Ace, no, 19893, and the following collected by Vinal N. 
Edwards. 1301. 1384. 1398, 1417, 14223, 1468, 1466, 1485. These lots 
include something like 250 specimens. From codfish off the coast of 
Maine, chiefly near Casco Bay, lots 5022, 8023, S024, 8025, 12616, 
12653, 12654, 12655, 12660, 12661. 12907, nearly 200 specimens more. 
From codfish in Massachusetts Bay lots 12656, 12657, 12655. From 
other localities, chiefly stations of the U. S. Bureau of Fisheries vessels 
albatross and (rampus, lots 16644, 12645, 12647, 12645, 12671, 12072 
12012, and W. 31. — the haddock (Melanogrammus glet nns) 
lots 12304. 1926051. 12050, W, 25, W. 90. AV Erom these 
( Ürophgeis tennis) lots 8020, 13203. W.30. From the halibut (///ppo- 
glossis: hippoglossus} 12631. From the polack (Pollachius (rens) 
W, 27, W. 9s, W. 28. From the harn door skate (Rada (004) 858, 
6162. From the surface 12908 and W. 32. Specimens of the chali- 
inus of this species are included in lots W. 86 from the tomcod; W. 37 
host unknown, and 8116 from fin of codfish. 


CALIGUS CHELIFER, new species. 
late XL 


Female, —Carapace ovate, a sixth to aquarter longer than wide. con- 
siderably narrowed anteriorly. Frontal plates well defined: lunules 
large. close together. newly eireular; and prominent (tig. 126), 

Posterior. sinuses wide and nearly parallel; median Jobe half the 
entire width, projecting considerably. and contracted into a narrow 
neck where it joins the free segment. 

Thoracic area two-thirds the width and one-half the length of the 
carapace, sibquadriliteral. Free thorax segment very short, a little 
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wider than the neck of the median carapace lobe which joins it ante- 
riorly, and passing insensibly into the genital segment posteriorly. 
Genital segment. acorn-shaped, the anterior and posterior. margins 
straight and parallel, the former about half the latter, contracted 
strongly where it joins the free segment. In the aleoholic specimen 
the dorsal surface of this genital segment has a row of three pits or 
depressions on either side of the midline, the two central ones being 
connected across the midline by a groove whieh is convex anteriorly, 
while the two anterior ones are joined similarly by a straight groove. 
In the living specimens obtained by the author these pits and grooves 
were almost invisible and would never have been noticed had not the 
alcoholic specimen been studied first. 

Abdomen narrow and two-jointed, four times as long as wide, the 
terminal joint two to two and a half times the length of the basal. 
The latter is enlarged where it joins the genital segment and tapers 
somewhat toward the distal joint which has parallel sides. The pos- 
terior end of this distal joint is wedge-shaped and the anal Jamine are 
attached to the sides of the wedge. They are long and narrow, cylin- 
drical in form, and curved in toward each other at the tips, while the 
plumose sete: which they carry are fully as lone as the entire abdomen. 

The egg cases are the same width as the abdomen and about half the 
length of the entire body. The egesare quite thick and number 45 or 
50 in each case. 

Of the ventral appendages the anterior antenne are small, with the 
two joints about the same length. The posterior antenna are slender, 
the terminal claw being but little longer than the basal joint. The 
accessory spine behind the base of this antenna is lone and sharp. 

The first maxillie are small, only slightly enlarged at the hase and 
with a blunt tip. The second maxille are simple, quite long and 
nearly straight: each carries upon its base a raised papilla from whose 
summit project two divergent sete representing the exopod of the 
appendage asin C5 rupar and several other species. First maxillipeds 
of normal size and structure, bearing a small spine on the anterior 
margin of the distal joint near the tip. and terminating in two curved 
and winged claws of unequal length. The second maxillipeds are 
peculiar, The basal joint is very large and us wide as it is long. lt 
sends out two protuberances on the inner margin, a [urge one at the 
base which is hemispherical in form with a flattened tip, another still 
larger at the distalend. This latter is broad and finger-like and extends 
outward along the inner curve of the terminal chow, forming an inar- 
ticnlate half of a large chela, very similar to those borne by other 
crustucea, It is notehed at the tip where it is also covered with short 
and stiff spines, making a rough surface admirable for retaining a firm 
hold. ‘The terminal claw is about two-thirds the length of the basal 
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joint. very stout, and furnished with à short accessory spine on the 
ventral surface (tig. 120). 

"This. choy is operated by powerful muscles contained in the basal 
joint and 1t must make an etfeetive prehensile organ. 

Furea long and narrow, the base longer than the branches, the latter 
of a broad U-shape with the sides nearly parallel. 

The first thoracic legs are so small and weak as to appear shriveled: 
this is especially noticeable in the plumose sete along the posterior 
margin of the terminal joint, which are scarcely longer than the diam- 
eter of the joint. In the alcoholic specimen taken from the menhaden 
the two posterior of the three terminal claws are branched. the 
branches being straight, longer than the tips of the elaws, and 
inserted nearly at right angles to the axis of the claw (fie. 133). In 
the living specimens obtained by the anthor from the sword-fish the 
claws ure mostly unbranched. but are of the same relative size as in 
the menhaden specimen. 

In all the specimens the appendage at the inner corner of the joint 
is à lone, strongly curved claw instead of a plumose seta. 

This is similar to the condition in schestonyr, but the relative size of 
the claws and the seta is entirely different in the two species. The 
second legs are large. of normal structure. and armed with long aeumi- 
nate spines, The rami of the third legs are well separated, the claw 
on the basal joint of the exopod is large and. slightly curved, while 
the endopod is one-jointed. 

The fourth legs are three-jointed. long and slender, the basal joint 
as long as the other two. This leg carries five spines. one at the 
distal end of the second joint, one on the outer margin of the terminal 
joint and three at the end. 

Of the latter the inner one is about twice as long as the onter. 

The fifth legs are not visible dorsally. 

Total length in menhaden specimen 5 mm. Length of carapace 2.5 
mm.: width of same 2,1 mm.: length of genital segment 1 mm.: length 
of abdomen 1.4 mm. 

Total length of swordtish specimens 6-6.5 mm. Length of carapace 


3 


3 mm.: width of same 2.3 mm.: length of genital segment 1.6 nm. 
length of abdomen 1.45 mm.; length of egg strings 3.2 mm.: 45 or 50 
eges in each, 

Color a transparent yellow. very thickly spotted on both the dorsal 
and ventral surfaces with branching pigment dots of a msty brown. 
These spots are quite similar to those on (5 rapar in shape and 
arrangement, but the resultant color is a sober gray brown quite 
different from the bright red tint of rapar. In faet, there is enough 
difference in the color alone to distingnish the two species when taken 
together on the swordfish. 


NO. 104. PARASITIC COPEPODS—CALIGID.E - WILSON, 585 


(ehel ier, chil, the pineher-Hke claw of crustacea, and foro. to bear 
(P CHUA.) 

The National Museum collection when sent. to the author contained 
but a single specimen, a female, of this species. It was numbered 
6079, and was obtained from the external surface of à menhaden at 
Woods Hole by the United States Fish Commission. The character- 
istics of this specimen, especially the pincher-like cliw, were so differ- 
ent from other species that it was decided to make it the type of a 
new species. Much. to the author's gratification he was fortunate 
enough to obtain several living females from swordfish captured off 
Gay Head, Marthas Vineyard, in July, 1904. They were found on the 
external surface in connection with C reper, but were not nearly as 
numerous as that species, only five being obtained from fowr swordfish, 

A single female taken from the cutlass fish (Z9/eA£urus lepturus) on 
September 16, 1903, by V. N. Edwards, was afterwards placed in the 
author's possession. From the living specimens several facts were 
ascertained, which have been incorporated in the previous deseription. 
In addition it may be said that the species is almost as lively as separ, 
swimming about restlessly when kept in an aquarium. That it has 
never been captured in the tow is probably due to the fact that its 
chief host, the swordfish, is an off-shore tish. So far as known this is 
the only instance of a Caligus having anything which may fairly be 
called a ehela. Many other species have protuberances of various 
sorts on the inner margin of the basal joint of the second maxillipeds, 
but they are simple protuberances ind do not in any way extend out- 
ward alongside the terminal claw and in opposition to it. Here, on 
the contrary, it is to be noted that the conditions reproduce exactly 
those in higher crustacea, The outer, swollen branch of the chela is 
articulated at its base, while the inner, larger branch is inarticulate 
and forms a part of the preceding joint. In place of the rounded 
teeth so commonly found on this part of the chela we have here short 
and stiff spines. In the living specimens the chela was frequently 
opened and closed, the tip of the claw, in the latter instance, folding 
down over the end of the protuberance so tightly that the two seemed 
all one piece. 

The comparative measurements of the menhaden and swordfish 
specimens furnish a good object lesson on the shrinkage which results 
from preservation in aleohol. 

One of the specimens was a female without ege-strings, and in this 
condition the genital segment becomes so rounded anteriorly and pos- 
teriorly as to be nearly a perfect circle in outline. The species may 
he easily recognized by the shape of the anal lamina and the length of 
their phunose sete. An examination of the tips of the second maxil- 
lipeds will then verity the diagnosis beyond a doubt. 
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CALIGUS BELONES Kroyer. 
Plate XT, figs, 135-139. 


Femah.—Carapace about half the entire length, a little longer than 
wide. Frontal plates prominent, the anterior margin almost straight. 
with very little incision at the center. . Lunules large and widely sepa- 
rated, strongly inclined toward the mid line, and subprominent. Pos- 
terior sinuses wide and shallow, leaving a median lobe less than half 
the entire width, and. projecting but little behind the Tateral lohes. 
"'horaeie area about half. the dorsal surface of the carapace, well 
rounded anteriorly. The digestive glands in this area are pear-shaped 
and inclined toward each other anteriorly. 

Free segment short and strongly contracted where it joins the eara- 
pace. Genital segment elliptical, one-third the entire length, emargi- 
nate posteriorly, with short and blunt lobes. Fifth legs not visible 
dorsally. 

Abdomen elliptical, less than half the width of the genital segment, 
nearly twice as long as wide. It is contracted to almost half its width 
where it joins the genital segment. Anal sinus broad and deep. Anal 
lamina large, one-fourth as long as the abdomen, sublateral, with long 
plumose setie. 

Eee tubes half the width of the abdomen and a little longer than the 
carapace, 30 or 40 eges in euch. 

Anterior antenne short, the two joints about the same length, but 
the terminal joint very slender and closely appressed to the frontal 
margin, The basal joint is plentifully supplied with plumose setae and 
the terminal one with spines. 

Second antenne small and short: basal joint nearly as long as the 
terminal, the angle in the latter very close to the tip. 

Accessory spine large and stout. First maxillæ long. slender, and 
well enrvedz second pair little more than half as long as the mouth 
tube, rather slender and blunt at the tip, but much widened at the 
base. Mouth tube quite stout, a little longer than wide, well rounded 
at the tip. First maxillipeds slender, the two joints almost equal in 
length; second pair stout, with a short and blunt terminal claw. Furea 
long ind wide, the base elongate, very narrow, and about as long as 
the branches. the latter stout und curved into the shape of a horseshoe, 
of the same diameter throughout. 

tuni of the third pair of thoracic legs well separated. large aud 
prominent; the spine at the base of the exopod slender and nearly 
straight. The fourth lees are half the length of the genital segment, 
three-jointed with four spines; basal joint stout and as long as the 
two terminal joints, which latter are very slender. Second joint 
longer than the third, with a slender terminal spine; the three ter- 
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minal spines on the last joint graded in size, the inner one twice as 
long as the outer. 

Total length 5 mm. Length of carapace 2.6 mm.; width of same 
2.3 mm; length of genital segment L4 mm.; length of abdomen 
1 mm.; length of egg strings 6 mn. 

Color a light yellowish brown without pigment (in preserved speci- 
mens). 

(hel ones, eeneric name of one of its hosts.) 

The National Museum collection ineludes a single lot of this species 
from the body of a {nall dolphin (Coryphand equisctis). without a 
number, and with the locality not given. 

But as the label bears the signature of Mr. Vinal N. Edwards, and 
was given to the author with other material collected at Woods Hole, 
it is probable that the dolphin was caught im the North Atlantic. 
The lot ineludes two females which resemble Kröver's species so 
closely ax to leave no donbt of the identity. Kréyer states that in his 
specimens the abdomen was indistinetly segmented, but these two 
show no sign of segmentation. The furca on these specimens is also 
somewhat different but not enough so to warrant specific distinction. 
In all other particulars the two lots agree perfectly. The present host, 
the small dolphin, is a new one, this species having been found pre- 
viously upon Belone vulgaris, on what Kroyer calls the **Tlornfish,” 
and on what Olsson designates as the ‘ Beak fish." It is more of a 
tropical than a northern species. 


CALIGUS LATIFRONS, new species. 
Plate XII, figs. 140-149. 


Fonale.— Carapace half the entire length, a little longer than wide, 
considerably narrowed anteriorly. — Frontal plates very wide and 
prominent: lunnles large, almost circular in outline, and projecting 
far in front of, and Jaterally over the bases of, the first antennie. Eyes 
large and situated far forward close to the anterior margin of the eara- 
pace. Posterior sinuses wide and oblique, leaving a median lobe five- 
eighths the width of the carapace and quite squarely truncated. pos- 
teriorly. Lateral lobes narrow and curved inward at the tip, Thoracic 
area seven-eighths the entire width of the carapace and almost exactly 
one-half the length, the anterior groove flattened similarly to the pos- 
terior margin of the median lobe. 

Free thorax segment two-thirds as wide as the genital segment, ab- 
ruptly narrowed in front of the fourth legs. 

Genital segment nearly quadrate with well-rounded corners, a little 
more than half as long as the carapace and not quite half as wide. 
Abdomen about four-tifths the length of the genital segment, one-half 
longer than wide, swollen at the center, and. narrowed at either end. 
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Its posterior margin is wedge-shaped so that the small anal laminae are 
joined sublaterally. 

Each of these latter carries four plumose sete which are small and 
short. No egg strings present in this female. 

Of the ventral appendages the first antennæ are elongate, with the 
longer terminal joint very slender, Both joints are turned backward 
and. closely appressed to the anterior margin of the carapace. The 
second antenna: have a long and slender terminal claw and a rather 
small basal joint, 

Posterior to the hase of these antennw is a stout accessory spine 
whieh is relatively larger than in most species. 

The first maxilke are small and almost straight. with the base en- 
larged scarcely at all: the second maxilke are elongate. stout and blunt 
at the tip. Furca large, the base about the same length as the branches 
and nearly square, witha transversely semilunar foramen, The branches 
are slender, blunt, and curved in toward each other. Second maxillipeds 
stout, the terminal claw about four-fifths as long as the basal joint, the 
latter not swollen. The accessory spine on the terminal claw is short 
and weak. First swimming lees stout, with a long plumose seta on 
the distal end of the basal joint and a short spine on its posterior border 
near the proximal end. 

On the terminal joint the three elaws are about the same length and 
not very strongly curved. The outer one is smooth and nonserrate: 
each of the other two is branched at about its center on the inner side. 
The branches are more slender than the tips of the claws and extend 
some little distance beyond them. They are also perfectly transparent, 
while the claw itself is more or less opaque. The plumose sete on the 
posterior border of this joint and the seta at the inner distal corner 
are like those in other species. 

The spines on the exopod joints of the second legs are long and 
acuminate and are bent inward at nearly right angles to the outer 
margin; the basal joint of these legs is strongly flattened and is rela- 
tively wider than in most species. 

The rami of the third lees are widely separated, the exopod being 
turned inward along the posterior border of the busal joint. 

The chev on this exopod ts large and stout. about the same diameter 
throughout. with stright sides. 

The fourth lees are long and stout, the basil joint nearly as long as 
the two terminal ones. There are five spines-- large one at the tip 
of the second. joint. a much smaller one on the outer margin of the 
terminal joint, and three at the tip increasing in size from without 
inward, the innerone more than twice the length of the outer, There 
are Foliaceous projections fringed with long hairs at the bases of the 
first. second, third, and fifth spines and at the inner distal corner of 
the terminal joint. These are almost exaetly like those on CL rapar, 
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but are arranged differently. The fifth lees are so small as to be 
invisible in dorsal view. 

Total length, 4.9 mm.: length of carapace. 2.46 mm.:; width of same, 
2.2 mm. ; length of genital segment, 1.25 mm.: length of abdomen, 1 
mm.; eee strings not present. 

Color of specimen preserved in formalin a pale dusky yellow with a 
large brown area in the center of tlie dorsal surface of the genital seg- 
ment, and the two glands in the thoracie area also brown. 

(tt Frons, latus, wide, and frons, forehead.) 

This species resembles sapaw very closely in its general appearance, 
but is clearly distinguished from it by the size and shape of the furea, 
by the relative width and length of the median carapace lobe and the 
free thorax segment, and by the details of the first swimming. lees, 
particularly the divided claws. From sch/stonye, which has the claws 
divided, this species is distinguished again by the size and shape of the 
furca, by the great difference in the relative size of the terminal claw 
on the second maxillipeds, and by the detail of the exopods of the third 
and fourth lees. 

From chelifer, which also has the claws divided, it is easily told by 
the simple fact that its abdomen is unseemented, while that of a female 
chelifer is two-jointed. There is also a very essential difference in the 
structure of the second maxillipeds, in the furea and in the fourth 
legs. In spite of the fact, therefore, that the collection includes buta 
single female for which neither the host nor the locality is given, there 
must be established for it a new species. 


CALIGUS BONITO, new species. 
Plate XTII, figs. 150-153; figs. ^, 12, 13, 14, 15, 29, 30, 35, 37, 38, 40-45 in text. 


Female. —Carapace orbicular, with the sides somewhat flattened, the 
same length and width; posterior sinuses shallow, slightly curved and 
enlarged at the base. Thoracie area broad, more than half the entire 
width, somewhat flattened posteriorly and scarcely projecting beyond 
the lobes: the latter narrow and curved inward (figs. 150, 151). 

Free thoracic segment short and very narrow; much constricted in 
front of the fourth legs. Genital segment. elliptical, two-thirds as 
wide and nearly as long as the carapace, projecting posteriorly in the 
form of a blunt, conical lobe on either side of the abdomen. Abdo- 
meu somewhat spindle-shaped, more than three times as long as wide, 
and two-jointed; the joints about equal in immature females, and pre- 
senting a very close resemblance to that of the males, but the basal 
joint three times as long as the terminal in fully developed individnals 
and the segmentation very indistinct. 

Anal sinus scarcely perceptible: anal lamine of good size, quad- 
rangular in outline. each terminated by five plumose sete. 
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Of these the outer and inner ones are very short, while the three 
central ones are of the same length, which is nearly three times that 
of the papille. : 

First antenne short, particularly the basal joints; frontal plates 
wide but not very long: hinules orbicular. close together on either 
side of the median line, projecting considerably, and occupying nearly 
the whole of the frontal plates. The median joint has nearly the out- 
line of an equilateral triangle, while the terminal joint is slender und 
elub-shaped. 

Second antenne stout, the terminal joint a long, sickle-shaped hook 
attached nearly at right angles to the Dasal joint (tig. 5, p. 500). 

First and second maxillie comparatively rudimentary, the former 
with a slightly swollen base. Mouth tube broad, with the opening 
elongated transversely and densely fringed with hairs. Mandibles 
with a row of rounded teeth along the anterior and posterior margins 
for some distance back from the tip. 

Furca stout. with an accessory spine on either side at the base. 
First maxillipeds long and slender: second pair of meditun size. the 
basal joint much longer than the terminal, the latter consisting of a 
stout, curved claw, with a slender spine at about the center of its 
inner margin (fig. 12, p. 50-4). 

First swimming lees with a stout basal joint whose ventral surface 
is nearly covered by a broad chitin plate. From the posterior margin 
of this plate project a slender acuminate spine at about the center and 
a stout blunt papilla at the outer corner (figs. 13-15). 

The endopod is represented by a small, slightly curved spine. The 
second joint is long and considerably swollen at the center. 

The terminal joint carries three plumose sete in the usual position 
on the posterior margin, the bases of the seta being pectinated. The 
three terminal claws are the same length, while the seta at the corner 
is plumose und three times as long as the claws. 

The second swimming legs are not noticeable except for a row of 
short, pectinate spines along the outer margin of the two proximal 
joints of the endopod. The third swimming lees have a particularly 
large and stout curved chuw at the base of the exopod. The fourth 
legs are large and strong for so small a copepod: the distal joint bears 
three long curved spines at its tip and a smaller one upon its posterior 
margin; the penultimate joint carries a single stout spine at its distal 
end on the posterior margin. 

The rudimentary fifth legs are not visible dorsally in either male or 
female. 

Total length, 5.3 mm.: length of carapace. 2 mm.: width of same, 
3 mm.: length of genital segment, 3 nim.; length of abdomen, 2.3 mim. ; 
length of eve strings, 5 nim. 
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Color a pale transparent vellow without any pigment, except at the 
tips of the lateral lobes and the adjacent thoracic area, which are 
thickly spotted with light, rusty brown. 

The copepod thus appears as if it had two large brown eyes, one on 
either side of the body at the posterior end of the carapace, and it may 
be readily recognized by these, since no other species is marked simi- 
larly. 

(bonito, the name of its host.) 

Male — Considerably different. from the female. The carapace is 
more nearly orbieulur. while the thoracie area is much narrower 
(fiv. 152). 

This gives the posterior end of the carapace a rounded appearance 
quite different from the truncate look of the female. 

The free thoracic segment is much wider posteriorly than anteriorly, 
and projects so. far beyond the sides of the genital seginent that the 
fourth legs are attached to its posterior rather than its lateral margin. 
The genital segment is but little wider than the abdomen and quite 
fusiform, the anterior end being usually well wrinkled. The abdomen 
ix the same length as the genital segment and is jointed once near the 
center. 

These alterations in shape produce equally marked changes in the 
proportions of the various parts. Whereas in the female the propor- 
tion in length between the cephalothorax and the remainder of the 
body (exclusive of the egg strings) is as T to 10: in the male the same 
proportion is as 7.5 to 6.5. This change is far more than usual. The 
first antenne are relatively larger and longer than in the female, this 
being particularly true of their basal joints with the lunules. 

The second antenne are not as stout as those of the female, but the 
first maxilke are nearly three times as large. This makes the two 
appendages in the male nearly the same size, the maxilke being a trifle 
longer hut not as stout. 

In the second maxillipeds the basal joint is reinforced at its distal end 
by a thick, bony plate on the inner side. The powerful terminal claw, 
folding down against this plate, makes a very effective clasping organ. 

Total length, 5.5 mm. Length of carapace, 3 mm.; width of same, 
2.5 mm.: length of genital segment, L inm. ; length of abdomen, 1.2 mm. 

Nauplius.—The newly hatched nauplii are large and active. They 
are rather elongate in form, the length being nearly three times the 
width, and the hody is bluntly rounded both anteriorly and posteriorly 
(figs. 37, 38 in text). The three pairs of appendages have the typical 
nauplius form. The labrum is oval in outline, with a broad, shallow 
sinus on either side and in front, but with a wide, blunt projection 
posteriorly. The body is pigmented with rusty brown in narrow 
patches all along either side and posteriorly, the patehes being irregu- 
larly disposed. Sometimes these pignient patches are fused into an 
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irregular marginal band. And often the pigment extends out into the 
antennules almost to their distal end and into the basipods of the other 
two pairs of appendages. The balancers on either side of the anus 
are long and stout (0.12 by 0.01 mm.), their length exceeding that of 
the anterior appendages, exelusive of their setee. They are widest at 
the center and taper somewhat toward either end. The basal third is 
cylindrical in shape. while the terminal two-thirds is flattened or com- 
pressed into a knife-blade form, the whole resembling in shape the 
common form of paper cutter made from acylinder. At the first moult 
the skin over these anal appendages is shed exactly like that over the 
others, but at the second moult the entire appendages disappear. 

After the first moult also the pigment extends in toward the center of 
the body, and by the second moult has become quite evenly distributed. 

AMetenauplius. — Body elongated and narrowed, carapace covering 
two-thirds the entire length. (fig. 40 in text). Carapace ellipitical, 
well rounded anteriorly, narrowed and emarginate posteriorly. "Three 
free thorax segments and a terminal segment representing the genital 
segment and abdomen, as yet unseparated. The eyes are placed far 
back, near the center of the carapace, and are fused on the mid line, as 
in the adult. The rusty brown color covers a wider space along the 
margin and is more uniformly disposed than in the nanplius. In place 
of the three pairs of nauplius appendages there are five pairs of 
thorax appendages. 

Anterior antenme are two-jointed. bearing long sete on the terminal 
joint, irregidarly disposed; basal joint closely approximated to the 
anterior margin of the carapace. 

Second antenne biramous; exopod short and rudimentary, ending 
in a short spine; endopod longer and stouter, terminating in a curved 
claw nearly as long as the endopod itself, and bent over ventrally until 
its tip nearly touches the basipod (tig. 42 in text). 

First and second maxillie very rudimentary, the former a mere pro- 
tuberance near the margin of the carapace, the latter consisting of 
a single comical spine at the side of the mouth (fig. +3). 

First maxillipeds shorter and stouter than in the adult, tipped with 
three strong. spines or claws, the two inner of which are pectinated. 
Second maxillipeds lonver and more slender than in the adult, pro- 
jecting far beyond the edge of the carapace, the terminal claw with an 
accessory spine on its inner margin. 

First two pairs only of the swimming lees present on the first two 
free thorax segments: both pairs rudimentary. birumous, the terminal 
joints fringed with plumose sete (figs. +4, 45). Total length; 0.67 
mm. Length of carapace, 0.42 nun.; width of same, 0.22 mm. 

This small species is very abundant upon the common bonito ((rgz- 
nosarda pelamis Linmeus), but has not been found thus far upon any 
other tish. It frequents both the mouth and the gill cavity. more com- 
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monly the latter, and in extremely rare instunces may be found upon 
the external surface near the head. 

While bonito are frequently taken upon which not even a single 
specimen of this parasite can be found, there are just as often others 
which fairly swarm with the diminutive pests. As many as one. hun- 
dred ean sometimes be secured from a single large fish. 

They are very lively and seuttle about rapidly over the inside sur- 
face of the gill cavity and the mouth, while the sucking disks ure so 
large that they cnn be removed only with considerable difficulty. 
They move about constantly when put into sea water, but have two 
pernicious habits. The first is one coninon to many species of this 
genus and quickly results in suicide. It consists in swimming to the 
side of the dish or aquarium and crawling an inch or an inch and a 
half above the surface of the water, there to remain until thoroughly 
dried. 

This renders it very difficult to keep specimens alive for any length 
of time. Indeed it is practically impossible unless they are placed in 
a wide-mouthed bottle over whose mouth is tied a piece of fine gauze, 
the whole being sunk beneath the surface of the water in the aquarium. 

The other disagreeable habit is confined to the female and consists 
in sloughing off her egg strings as soon as she is placed in fresh sea 
water. This renders it impossible to allow the eges to mature and 
the larve to hatch. If the eges have not developed sutliciently for the 
larvie to emerge when the female is eaptured, there is practically no 
hope of maturing them. 

If. however, the eggs are just ready to hateh when captured, the 
female apparently makes an exception of, the emergency and retains 
the ege cases until the larvie have all escaped. 

This species was first obtained at Woods Hole in the summer of 1553 
by Richard Rathbun, who made many drawings and notes upon its 
habits and anatomy. These, however, were never published. but, 
together with one or two drawings by Emerton, were recently turned 
over to the author and have heen incorporated in the present account. 
Mr. Rathbun had named the species Cal/gus bonito in his manuscript, 
and this name has been retained (bonto, the name of its host). 

A study of the development of this species is of peculiar interest 
for the ight which it throws upon the morphology of the adult. The 
nauplius and metanauplius have already been described in detail: the 
chalimus has not yet been obtained, butt specimens have been secured 
whieh had just moulted from the ehalinnis stage. In them the carapace 
is proportionally much larger than in the adult, while the eenital seg- 
ment is very much smaller. Indeed, so great is the difference between 
females in these two stages that the younger immature specimens 
resemble the males more than they do the adult females, and would 
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ordinarily be taken for males. The anterior portion of the genital 
segment, where it joins the free segment, is contracted into quite a 
long neck, well creased with wrinkles. 

The body of the segment is not much wider than the abdomen and 
is almost squarely truncated posteriorly without any lobes at the cor- 
ners. The abdomen is considerably shorter than in the adult and is 
plainly segmented at about the center—i. e., it is practically the same 
as in the male. There is not the slightest doubt that these are really 
young females, for the egg strings can be seen forming inside the 
genital segment, and the second antenne and second maxillipeds have 
the structure of those in the female and differ much from those in the 
male. 

The examination of these developing females led plainly to the con- 
clusion.that the abdomen is segmented in the adult. although the seg- 
mentation is usually very well concealed. 

Accordingly a large number of adults were carefully examined with 
the result that two were found which showed a segmented abdomen 
very plainly. As development proceeds the genital segment widens 
and lengthens, sending out large lobes from the posterior corners; at 
the same time the abdomen lengthens, the increase taking place almost 
wholly in the basal segment. 

Thus while in the immature female the segments of the abdomen are 
about equal, in the adult the basal segment is three or four tines the 
length of the terminal. 

This development also suggests an explanation for what have been 
considered as variations in the species productus, (See p. 600.) 

The National Museun collection includes the following lots of this 
species, all obtained from the sume fish and quite constant in their spe- 
citie characters: Two lots, numbered 6035. obtained by Mr. Rathbun 
at Woods lole; one lot, numbered. 1307, taken by Vinal N. Edwards 
at Woods Hole; five lots, numbered W 50, W 51L, W 52, W 53, W 54, 
obtained by Mr. Rathbun in Vineyard Sonnd, in the immediate vicinity 
of Woods Hole: five lots, numbered W 55, W 56. WW 57, W 58, W 55, 
obtained by the author from Woods lole and vicinity. The speci- 
mens in Mr. Rathbun’s collections number nearly 200, while the author 
obtained almost as many. The species must therefore be regarded us 
a very common one on the single tish which it frequents. 


CALIGUS PELAMYDIS Kroyer. 
Plate XIII, figs. 154-161, Plate NIV, fig. 161a. 


Caligus pelamydis Kroyer, 1863, p. 50, pl. iv, fig. 4, a-g. —BRiciniagpr, 1880, p. 
145.— C ncs, 1885, p. 357. —- DAssETT-EM rt, 1899, p. 452.— Dra N, 1890, p. 2. 
Female.—Carapace orbieular, somewhat narrowed anteriorly. the 
same width and length, which is mach less than half the entire length 
of the body, and with nearly straight lateral margins (fig. 154). 
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Frontal plates narrow, a little more than half as wide as the cara- 
pace; lunules large, cireular, but almost entirely concealed in dorsal 
view, appearing only as a slight concavity at the base of the first anten- 
ne. Posterior sinuses broadly triangular, the median lobe consider- 
ably less than half the entire width. Thoracic area rather small, not 
quite reaching the center of the carapace. Digestive glands situated 
at about the center of this area, each in the form of a large right- 
angled triangle, the perpendiculars parallel with the longitudinal axis, 
the bases at the posterior ends. 

Free thorax segment narrow and short, swollen considerably at the 
center where the fourth legs are attached. Genital segment broad 
acorn shape, narrowed into a slender neck where it joins the free seg- 
ment and squarely truncate posteriorly. 

It is two-thirds as wide as the carapace and the sides and posterior 
corners are symmetrically rounded. 

Abdomen as long as the carapace, the length three and a quarter 
times the width, slightly swollen at the center and constricted where 
it joins the genital segment. It is two-jointed, the first joint. being 
four times the length of the second. 

In living specimens and in material preserved in formalin the joints 
are distinet, but in material preserved in aleohol they become indis- 
tinct. But in all specimens alike the abdomen is abruptly narrowed 
at the groove between the joints, the terminal joint being considerably 
narrower than the basal, and tapering posteriorly, Anal laminie of 
medium size, and flattened, with the tips turned in toward each other. 

Kee strings wide, considerably shorter than the body, each contain- 
ing about thirty eges. 

First antenne small, the basal joint short and not very wide, but 
heavily armed with sete: the terminal joint short, chib-shaped. and 
scarcely projecting heyond the edge of the carapace. 

Second antennae with a very long and slender terminal claw, and 
without any accessory spine at the base. 

First maxille very small with a narrow, blunt tip and a slightly 
swollen base. Seeond maxille long and acuminate, projecting some 
distance beyond the tip of the rostrum. 

Second maxillipeds with a stout basal joint, somewhat swollen. and 
a much shorter and rather slender terminal claw. 

Furea short, the base not more than half as wide as the branches: 
the latter simple, short, very wide, and eurved. 

The first natatories have a long plumose seta ou the distal end of the 
basal joint, a short eurved claw at the distal end of the second joint, 
while the terminal joint carries three very large plumose sete on the 
posterior margin. and the usual terminal claws. The latter are all 
curved. about the same size, and close together. In addition there is 
a finger-like projection extending from the distal margin in the same 
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direction as the claws. Tt is of about the same dinmeter as the claws, 
buf considerably longer and carries at its tip a small curved spine, 

The rami of the third legs are some distance apart, but the 
exopods are closely appressed to the margin of the basal apron, this 
brings their tips close to the buses of the endopods. 

The spines on the exopods of these legs ure proportionally larger 
than usual and parallel with the outer margin. 

The fourth legs are short aud stout, and made up of four joints: the 
basal joint is as long as the remaining three. Of these latter the 
second is the longest and the fourth the shortest. 

The latter joint is triangular and so arranged that the three spines 
which it bears and the two upon the distal ends of the second and third 
joints are close together along the onter margin. These spines are all 


the same size and each has a row of hairs along its outer margin. The 
fifth legs are very minute and situated on the ventral surface just at the 
base of the egg cases. 

Total length, 2.5 mm. Length of carapace, 1.1 mm.: width of same, 
1.1 mm.: length of genital segment, 0.9 mm.; length of abdomen, 1.2 
min.; length of ege strings, 2mm. Number of eges in each, 30. 

Color, a uniform yellowish white, lighter on the genital segment, 
whieh is alinost pure white. 

(pelamydrs, the name of its host.) 

In his monograph, published in 1863, Kröver described (p. 50) two 
small females of this species which had been found on the common 
bonito (Cymnosarda pelamis) His description ditters ina few par- 
ticulars from that here given, the most noticeable one being the pres- 
ence of double papilke at the posterior corner representing the fifth 
legs. In the present specimens also the carapace and genital segment 
are more nearly the same size, but otherwise the two lots are identical. 

1t would certainly not be feasible to have two spectes, both from the 
sume host, and resembling each other so closely. The differences, 
therefore, must be regarded as mere variations, found in many other 
species also. — Richiardi (1880) reports this species from the gill eavity 
of the mackerel (Scomber scombrus), while Dussett-5mith describes 
(1596) a species which he calls C. sconiberz from the gills of the sime 
fish. Again in 1901 T. Scott described and figured a C. scombri. in 
this case a single specimen adhering to the inside of the sill cover of 
a mackerel. 

Bassett-Sinith’s description is so meager as to be worthless for iden- 
tification: in his figures the carapace is long and narrow and the fourth 
legs have only three joints. But he has placed five spines in a row 
upon the outer margin of the last joint and none on the second joint. 
If this were the correct distribution it would be an anomaly indeed, 
unlike anything known in other species. Scott. does not describe the 
species at all, but. in the figure he has given the fourth legs are four- 
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jointed and two of the five spines belong to the second and third joints, 
respectively. The carapace also is almost exactly as here figured, and 
the furca differs only in having the base a little longer. Both Scott 
and Bassett-Smith figure the abdomen as one-jointed, but neither of 
them makes any statement in regard to it. In hoth figures, however, 
the abdomen narrows abruptly near the posterior end at exactly the 
place where the joint oceurs in the present species. 

Bassett-Smith makes no statement of the dimensions of the speci- 
mens he obtained. hut in his explanation of the plate the magnification 
of the figure is given as 6. This would give a length of T mm. Scott 


states that the single specimen he obtained was 5.5 mm. [n the pres- 
ent species no specimen thus far obtained has exceeded 4 mm. 

In view of these meager and conflicting descriptions, together with 
the contradictions expressed in the figures, it becomes practically 
impossible to decide just how many species are represented. The size 
given for (^. scomber/ seems to preclude its identity with pefamydis. 
and yet the two agree in almost every detail as given by the one or 
the other of the two authors quoted. 

It will require a careful comparison of the original types to decide 
the problem finally. 


CALIGUS PRODUCTUS Dana. 
Plate XIV, figs. 162-170. 


Culigus productus Daxa, 1854, p. 1554, pl. xery, fig. 4.—S8TEE 


STRUP and LÜTKEN, 
1861, p. 357, pl. ini, fig. 6.—Krbyven, 1863, p. 64, pl. i, fig. 4, u-i. —öRaru- 
RUN, 1884, p. 487.— Dia N, 1898, p. 10. 

Femate.—Carapace ovate, much less than half the entire length; as 
long as wide, narrowed anteriorly. Frontal plates projecting strongly. 
but nof more than three-eighths of the width of the carapace. Lamules 
small, orbicular, scarcely projecting. Posterior sinuses inclined out- 
ward, and of medium width, leaving a median lohe less than half the 
width of the carapace, and not projecting posteriorly. Lateral lobes 
broad, well rounded, and turned inward slightly at the tips. Thoracic 
area small, and contracted anteriorly. Eyes small, and placed well 
back from the anterior margin. 

Free thoracic segment very narrow and spindle-shaped, about one- 
fourth the width of the carapace, and contracted into a ueck anteriorly 
where it joins the latter. Genital segment elliptical. with evenly eurved 
sides, like the free segment. contracted anteriorly where it joins that 
segment, and expanding abruptly to its full width. Ft is five-eighths 
as wide, and almost seven-eighths as long as the carapace. 

Abdomen elongate linear, somewhat swollen at the center, about onc- 
quarter longer than the genital segment, and more than four tines as 


“This is Bassett-Smith’s spelling; Seott changes it to seombri. 
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long as wide, apparently unseemented, From a study of the figures 
given by Kréver and Steenstrup and Lütken, and. from comparison 
with the developmental history of C. bonito it would seem reasonably 
certain that in the present species there is a similar development. In 
immature females the abdomen is plainly two-jointed, the joints being 
fairly equal, but as development. proceeds the terminal joint increases 
faster than the basal. Hence, in mature females the abdomen is prob- 
ably two-jointed, with the basal joint ouly one-third or one-fourth of 
the terminal, Anal lamina small, foliaeeous, and curved in toward 
weh other, The plumose sete, with which they are armed, are rather 
small. Ege cases narrow and reaching only to the tips of these sete, 
each containing about thirty eges. 

Anterior antenne with a short, stout basal joint and a very slender 
terminal joint of about the same length, the whole appendage less than 
the space between the hmules. 

Second antenne with x stout basal joint bearing a short and blunt 
accessory spine on its posterior border. 

First maxillie small and strongly. curved; seeond maxithe narrow 
triangular with acuminate tips, twice as long as wide and straight. 

First maxillipeds slender and of the usual form: second pair large 
and stout, the basal joint much swollen. the terminal claw small. The 
elaw is searcely half the length of the basal joint. but is stout and well 
curved, 

Furea slender, the basal portion narrower and shorter than the 
branches. almost cireular in outline, and connected with the branches 
by a narrow neck, The branches are divergent, rather slender, and 
hiunt. 

First swimming legs with the usual armament of three terminal claws 
graded iu size, n long slender plumose seta at the distal corner beside 
the smallest claw, and three rather small plumose setæ on the posterior 
margin, The spines on the exopods of the second legs are very long 
and acuminate: the two on the two basal joints are inclined at an augle 
of abont 45 degrees with the anterior margin, while the one ou the 
terminal joint is nearly parallel with that margin. 

The rami of the third legs are well separated, but the two terminal 
joints of the exopod are turned. in and appressed close to the margin 
of the basal apron. And they reach so far across the intervening 
space between endopod and exopod that. the two rami appear close 
together. The spine on the basal joint of the exopod is lone, slender, 
and curved into a sickle shape. 

The fourth legs are of medium size, but rather short and three- 
jointed. with only four spines, one at the distal end of the second 
joint. one on the outer margin, and two at the end of the terminal 
joint. The last three are almost in a row. the outer one being but a 
little behind the others. AM these spines are very long and acuminate; 
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the two terminal ones are serrate alone their outer margins. Fifth 
legs invisible. 

Total length 6 mm. Length of carapace 2.1 mmi; breadth of same 
2 mm.; length of genital segment L.6 mnm.; length of abdomen 2 mn. ; 
length of ege strings 2.2 mm.: 30 eges in each. 

Male. — Carapace ovate like that of the female, but narrowed rather 
more anteriorly, as long as wide; median lobe relatively wider and not 
projecting backward as far. Free segment shorter and relatively 
wider. Thoracic area wider than long and evenly rounded in front; 
lateral lobes narrow and somewhat pointed. Genital segment narrow- 
ovate, one-third longer than wide, the sides uearly straight. 

This segment is much smaller than in the female, being less than 
one-third the width of the carapace and not very much wider than the 
abdomen. The tifth legs can not be seen in a dorsal view, and there 
are no traces of lobes at the posterior corners. 

The abdomen is clongate-linear, similar to that of the female, and is 
made up of two distinct joints, which are abont equal in. length if we 
leave out of account the anal Jamine. The latter are small, scarcely 
any larger than in the female, but the setie with which they are armed 
are considerably larger and longer than those of the female. 

The appendages are as already deseribed; there is the usnal increase 
in size of the second antenne and the second maxillipeds. And there 
is the same absence of plumose sete on the posterior border of the 
terminal joint of the. first. swimming Tees, which may be taken as 
characteristic of the species. 

The fourth lees are small and hardly reach the posterior border of 
the genital segment. In other particulars the appendages are like 
those of the female. 

Total length 4.5mm. Length of carapace 2.2 mm; breadth of same 
2.2 mm.; length of genital segment 1.1 mm.; length of abdomen 
1. TL mm. 

Color a uniform yellowish brown entirely destitute of pigment 
markings of any sort. 

( productis, lengthened or drawn out.) 

There is one Tot of this species in the National Miseni collection. 
consisting of four females taken from the common dolphin (Coryphend 
hippurus}, trom the inner side of the gill covers and the outer surface 
of the body. The fish was captured by the United States Bureau of 
Fisheries steamer JI /defroxs in latitude 38, 19, 26 West and longitude 
65, 20, 90 North. This is the original spectes described by Dana in 
1854 ax occurring on the same dolphin and on trigger fishes ( Zsfes) 
in the West Indies. It was afterwards noted by Steenstrup and Lütken 
(1861) as taken from the inside of the operculum of the ^* Barracuda " 
(Sphyrwne), and by Kroyer (1863) as found on this same Coryphena. 

The specimens deseribed by these three authors agree closely in 
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general details. but differ in several particulars, as also do the speci- 
mens here deseribed. Phe greatest differences are found in the furca, 
the first and fourth Swimming lees, the abdomen. and the egg strings. 
In Dana's original species the hranches of the furca are longer and 
more strongly curved, while in the present specimens the base of the 
furca is larger and the branches are short, straight, and strongly 
divergent, 

All the anthors unite in characterizing the species by a complete 
absence of the «etie on the posterior border of the first swimming legs, 
In the present specimens they are certainly present, but are unusually 
small. 

Dana's species shows the fourth legs three-jointed. with five spines, 
all about the same length; in the present specimens there are but four 
spines, and the inner terminal one is twice the size of the others. All 
the authors write that the abdomen is obscurely two-jointed, but Kroyer 
tieures the adult female with an apparently one-jointed abdomen. as in 
the figures herewith presented. Dana states that the eee strings are 
longer than the body " (p. 13543): Steenstrupand Lütken figure them 
as only half the length of the body. but as twice the length of the 
abdomen, with eves so large that each tube could contain only twenty. 

In the present specimens the egg tubes are but a trifle longer than 
the abdomen (one-third the entire length). but each contains 40 eggs. 

In view of such differences it might seem as if the present specimens 
constituted a new species, but after careful consideration this does not 
seem to be warranted. Tn the first place, they come from the same 
host ax those obtained by the authors mentioned, a good presumption 
in favor of their identity. 

Again. both Kroyer and Steenstrup and Lütken found great differ- 
ences in their specimens, and they each figure what they call a variety 
of the species fully as different from the type as the present speci- 
mens. Nor do the egg tubes here shown ditfer any more from those 
given by the authorities just quoted than the latter do among them- 
selves. For this reason these specimens have heen referred to Dana's 
species. and possibly the males reported by Brian (1898) may belong 
here also. 

The foregoing are all the species of C//gus from North American 
localities which are contained in the collection of the National Museum. 
But in addition the following species have been reported from the 
West Indies by various authors. The types of these species have 
been lost or are contained in foreign museums. Tn most instances 
the species are represented by very few speeimens, sometimes only 
one or two, obtained many years ago. and none have since been found, 
but this is chiefly. if not wholly. due to the fact that no investigations 
hive been made in that region sinee these specimens were found: 
and there is every reason to believe that a careful search at the pres- 
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ent day would yield some of the same species, as well as many new 
ones. 

The diagnoses of these species and the outline drawings presented 
with them are taken from the original descriptions us fur as possible, 
and in oue or two instances additions have. been made from later 
authors, for which acknowledgment is duly made. Dana's species, 
C. apiid, was obtained a long distance from the American shore, but 
as it was found upon the same bonito which serves as host of three 
other species here described, it is likely to be found here at any time; 
and then it is really needed for purposes of comparison, and so is here 
included. 


CALIGUS BALISTZE Steenstrup and Lütken. 
Plate XV, fies. 172-177. 


p= 


Caligus balisi STEENSTRUP and LÜTKEN, 1861, p. 356, pl. 1, fig. 1.— BASSETT- 
SMITH, 1899, p. 448. 


Female. —Carapace elliptical, as wide anteriorly as posteriorly, more 
than half the entire length. Frontal plates not prominent nor very 
distinet; lunules small and widely separated. Posterior sinuses shal- 
low and nearly parallel with the longitudinal axis: median lobe about 
half the entire width and shorter than the lateral lobes; the latter are 
narrow and somewhat pointed, 

Free segment very narrow and long, like a wasp waist, and not much 
widened at the center through the bases of the fourth legs. Genital 
segment obovate, well rounded anteriorly, but with a deeply concave 
posterior margin, leaving the lobes at the external angles short and 
acute. 

Abdomen short and wide, only half the length of the genital segment 
and somewhat elub-shaped; anal lumine minute and armed with small 
sete, Egg strings about the same width as the abdomen and as long 
as the entire body; eges large and well rounded, about fifty in each 
string. 

First antenne longer and more thickly beset with sete than usual, 
those at the extremity of the terminal joint being very long. Second 
antenne rather weak. Second maxillipeds with a stout basal Joint and 
a slender terminal claw, the accessory spine of the latter being much 
nearer the tip than usual. Second maxille slender. curved and acu- 
minate. Furca small, base wide and short, branches very slender. 
straight, and divergent, about twice as long as the base. Fourth legs 
three-jointed, with four spines; the latter slender and very long. all 
four about the same length; fifth legs invisible dorsally. Total length 
4.5mm. Length of carapace 2.6 min.; width of same 2.2 mm.; length 
of genital segment 1.4 mm. ; length of abdomen 0.6 mm.; length of 
egg strings 4.6 mm. 
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Male. Carapaee proportionally very large, twice as long and three 
times as wide as the rest of the body, slightly narrowed anteriorly; 
frontal plates small and narrow: free segment even smaller relatively 
than in the female. which is very unusual; genital segment semilinar 
in shape, nearly twice the width of the abdomen, with very long and 
acuminate lobes at the posterior corners, Two pairs of setiferous 
papilke, one at the tips of the lobes and the other on the inner mar- 
gins near the base, 

Abdomen the sine length as the genital segment and slightly 
swollen near the tip; appendages as in the female, with the usual 
increase in the size of the second antenne and second maxillipeds: 
fourth legs proportionally longer and more slender than in the female. 

Total length + mm.; length of carapace 2.68 mm.; width of same 
2.85 mm.; length of genital segnient 0.5 mm; length of abdomen 
0.00 mm. 

Color not given. 

(bal Istic, venerice name of host.) 

Several examples of. this species were obtained from the gills and 
fins of West Indian species of the genus Zo exti s. 

A few individuals in the chalimus stage were also found still fastened 
by a frontal filament. 

CALIGUS ISONYX Steenstrup and Lütken. 
Plate NIN fis: 170 Plate N WS fies. 184-180: 


Caligus isons STEENSTRUP. and LüTKEN, 1861, p. 358, pl. rm, fig. 5. 
Syurri, 1800, p. 450. 


— 


ANSETT- 


Female. Carapace considerably less than half the entire length. as 
wide us long, narrowed anteriorly; frontal plates not prominent; lunules 
very small: antenne short; posterior sinuses comparatively deep, with 
parallel sides; median lobe scarcely one-third the entire width, its 
posterior margin just even with those of the lateral lobes; free seg- 
ment narrow, but long and not swollen much at the center: genital 
segment acorp-shaped, narrowed into a slender neck, where it joins 
the free segment, the sides symmetrically rounded, the posterior mar- 
gin squarely truncated. There are two pairs of rudimentary leg 
papille on this segment, one on the lateral margins considerably pos- 
terior to the center of the segment, the other at the posterior corners. 
Abdomen two-thirds the length of the genital segment. quite wide, 
and enlarged a little toward the tip; anal lamine terminal, very small, 
and carrying small sete, egg strings unknown, Frontal plates emar- 
ginate between the lunules; basal joint of first antenne short: terminal 
joint meh longer, but scarcely protruding beyond the margin of the 
carapace. 

Second antennæ long and slender, with an elongated and narrow 
terminal claw, strongly curved. 
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First maxilke short and strongly curved, the base only slightly 
enlarged; second pair longer than the proboscis, straight and aeu- 
minate, with a small tooth on the inner margin near the center. 

Terminal claw on the second maxillipeds bent nearly into a semi- 
circle; Furca short and wide, the branches longer than the base, 
straight and divergent. Claws at the tip of the first swinnning legs 
moderately long, and all, together with the seta at the distal corner, 
the same length. Branches of the second legs longer than usual, the 
exopod with long and pointed spines. Rami of the third legs large 
and close together, the spine at the base of the exopod large and 
strongly curved. Fourth legs four-jointed, with five spines, all 
slightly curved, the one at the tip of the second joint longer and 
curved more than the others, the rest about equal. 

Total length 4.5mm. Length of carapace 2 min; width of same 
1.9 mm.; length of genital segment t.4 mm.; length of abdomen 
0.9 1nm. 

Color not given. 

(sonyr, igos, equal and črv, a claw.) 

This species is based on a single example. which is evidently a 
female although it lacks the egg strings. It was taken from the gills 
of the great barracuda, Sphyriena barracuda (Walbaum), in the West 
ludies. 

CALIGUS THYMNI Dana. 


Plate X V, figs. 178, 179. 


Caligus thymni Daxa, 1852, p. 56.—DaNa, 1852, p. 1353, pl. xciv, fig. 5, a-e.— 
T. Scorr, 1894, p. 129, pl. xiv, fig. 21.—Basserr-Smiru, 1890, p. 451. 


Female, —Carapace oblong, not narrowed anteriorly, the length one 
and a half times the width. No emargination at the center of the 
frontal plates; lunules elliptical aud not prominent. A short seta on 
the frontal margin on either side about half way between the lunule 
and the center. Eves deep red on a black background. Free segment 
short and wide. Genital segment oblong, the sides divergent, widest 
posteriorly, where it is about twice the width of the abdomen; poste- 
rior angles prominent and tipped with sete. Abdomen longer than 
the genital segment, two-jointed, with the basal joint about half the 
length of the terminal; anus prominent. 

Anal Jaminw small, tilling out the posterior angles and hardly pro- 
jecting beyond the anus. The three plumose setze which they carry are 
as long as the last joint of the abdomen, and do not diverge. as is many 
species, but are parallel. 

Ege tubes a little narrower than the abdomen, longer than the 
entire body, each containing 40 eges. 

First antenne small, terminal joint very slender and tipped with sete 
as long as the joint itself. Second antenni of moderate size with a 
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slender terminal elaw but with no spine on the posterior margin of the 
basal joint. 

First maxillis lacking; second pair stout and broad. First maxilli- 
peds with basal joint about three fourths the length of the terminal; 
second pair very stout, basal joint subconical in shape, without protu- 
berances, the terminal claw less than half the length of the basal joint. 
Furea simple, the branches divergent, straight and acuminate, Fourth 
lees three-jointed with four simple spines, no teeth on the spines nor 
sheathing sete at their bases. 

Total length 9.7 imm. Length of carapace 4.9 min.; width of same 
2.1 mm. 

Color not given. 

(thymu?, the generic name of its host.) 

AMale.— Carapace elliptical, about one-eighth longer than wide, not 
narrowed much anteriorly. Frontal plates small, without au cinargi— 
nation at the center and very narrow; lunules small and senucircular. 
Free segment like that of the female. Genital segment nearly quad- 
rate, the sides somewhat convex, the posterior margiu almost squarely 
truncate, with the posterior angles scarcely projecting at all, but each 
armed with a bunch of sete representing the tifth leg of that side. 

Abdomen a little shorter than the genital segment, almost as wide 
as long, (wo-jointed, the basal joint only about half the terminal us in 
the female. Anal laminæ as before, but the plumose sete much 
longer, us long as the entire abdomen. 

The appendages show the usual increase in the size of the second 
antenne and second maxillipeds. The former have a stout branch on 
the inner margin of the terminal joint near its center. The fourth 
legs are longer and more «lender than those of the female, and the 
spines which they carry are longer and weaker. 

This species was obtained from the oceanic bonito (Gymnosard« 
pelamis Linnæus; Thynnus pelamys Cuvier and Valenciennes). and is 
the fourth species of Cadégas to be recorded from that host. The 
other three species are pelamydis, productus, and bonito. It will he 
instructive to review here the distinguishing characters of these four 
species, 

They differ, first, in size, and may be arranged in an ascending 
series, pelamydis, 8+ mm. longi productus, 5-6.5 mm.; bonito, T-8 
mim., and Z254:447, 9-10 mm. 

Again, they ditfer considerably in color, although unfortunately the 
color of yin? has never been given.  Pefamyd/s is a light yellowish 
white, the genital segment almost pure white without pigment of any 
sort. Productus is a light dirt-brown, everywhere transparent, except 
the ege strings; while don/¢o is a very transparent white faintly tinged 
with yellow., and with a large spot of rusty-brown pigment in the pos- 
terior portion of the lateral area on either side. like a large lateral eye, 
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The genital segment in pelumydis is nearly orbicular, only a trifle 
longer than wide (one-sixteenth), not narrowed into a neck anteriorly 
and only slightly emarginate posteriorly. 

In productus and bonito this segment is elliptical. narrowed into a 
very marked neck anteriorly and with stout lobes prolonged far back- 
ward posteriorly on either side of the abdomen. 

In hymn’ it is trapezoidal, widest posteriorly, with straight sides 
and short, narrow posterior lobes. 

The abdomen is two-jointed in each of the species, but in pelamydis 
the basal joint is three times the length of the terminal and only one- 
third as wide as the genital segment. 

In bonito the basal joint is about twice the length of the terminal 
and the abdomen is two-tifths the width of the genital segment. In 
productus the terminal joint is twice the length of the basal and the 
abdomen is one-third the width of the genital segment. In Aypan’ the 
terminal joint is also twice the basal, but the abdomen is fully half 
the width of the genital segment. In the structure of the abdomen, 
therefore, the species arrange themselves in two pairs, a large and a 
small species in each pair, which correspond quite closely. 

The fourth legs in pe/amyds are four-jointed with five spines, the 
last two joints very short and squat, bringing the five spines close 
together in a row. In productus these legs are three-jointed with 
four spines, the two terminal joints lone and slender, the last two 
spines toothed along their outer margins. In don/to the legs are of 
medium length. three-jointed with five spines, none of which are 
toothed. In thymau/ they are long and slender, four-jointed with five 
spines, none of which are toothed. All the authors who have hitherto 
noticed productus ave agreed. that the first swinnning legs have no 
plumose sete on the posterior border of the terminal joint. 

The male of pelamydés is unknown, but in the males of the other 
three species there is even greater differences than in the females. In 
productus the free segment of the male is a little narrower than the 
genital segment, and the fourth legs do not reach its posterior margin. 
The terminal joint. of the abdomen is half as long again as the basal 
and the anal papille are small. In the male bonito the free segment 
is a little wider than the genital segment and the fourth legs reach 
considerably beyond its posterior margin. The two abdomen joints 
are about equal and the anal lamin are very large. 

In thynni the free segment is about half the width of the genital 
segment and the fourth legs just reach its posterior margin. The 
abdomen is as wide as it is long with the terminal joint nearly twice 
the length of the basal. These four species are thus well distin- 
guished in both sexes, but more clearly in the males, since there is not 
as much specific variation in this sex. 


Proc. N. M, vol, xxviii —04 39 
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CALIGUS HZEMULONIS Kroyer. 
Plate XV, figs. 180-183. 


Caligus hwinulonis. Kroyer, 1863, p. 48, pl. iv, fig. 3, a-d.—Basserr-Smiri, 
1899, p. 448. 

Female,—Carapace not quite half the entire length (as 9 to 20), as 
wide as long. Frontal plates projecting very strongly between the 
lunnles, with a deep median incision. Lunules themselves large, ellip- 
tien] and widely separated. Posterior sinuses wide and shallow; 
median lobe a little more than half the entire width, and projecting 
but little behind the lateral lobes; the latter broad and well rounded. 
Cephalic area very much larger than the thoracic: eyes over the base 
of the proboscis and elliptical. Free segment very narrow and short, 
standing ont in sharp contrast with both carapace and genital segment. 

Genital segment. orbieular or slightly obeordate. a little wider than 
long with a shallow posterior emargination. It is one-third shorter 
than the carapace with symmetrically rounded sides and posterior 
corners. 

Abdomen a little more than half as long as the genital segment and 
one-third as wide. contracted at its base and unsegmented; anal papilla 
small with short sete: egg strings unknown. 

First antenne small, the joints equal in length; second pair situated 
so near the posterior border of the Innules as to partially hide them. 
First maxille stout and sickle-shaped; second pair a little shorter than 
the proboscis, situated far forward on either side of the latter and just 
reaching its tip. 

They are simple, somewhat weak, acuminate and slightly curved. 
Maxillipeds of Che usual form; furca large, baseas long as the branches, 
with parallel sides aud an oval foramen: branches stout. acuminate, 
curved, divergent, the space between them having a width equal to its 
length. First swimming legs short and thick, the terminal spines all 
thesame length, while the phimose sete on the posterior border of the 
terminal joint are entirely lacking. Rami of third legs widely sep- 
arated, the outer branch long and stout. Fourth legs three-jointed, 
the basal joint as long as both the others. minus the claws: second and 
third joints the sume length; claws quite close together. 

Total length 2.5 mm. Length of carapace 1.35 mm.; width of the 
sume 1.2 mm.; length of genital segment 0.75 mm.: length of ahdo- 
men 0.6 mm. 

No statement with regard to the color or habits. 

Mile, Carapace slightly more than half the entire length: frontal 
plates distinct, not projecting as in the female, but about as deeply 
incised at the center, Lunules large and more nearly circular, Pos- 
terior sinuses even more shallow than in the female; median lobe con- 
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siderably more than half the entire width and quite squarely truneate 
posteriorly. 

Free segment five-sevenths as wide as the genital segment, and much 
swollen at the eenter through the bases of the fourth legs. 

Genital segment ovate, three-sevenths as long as the earapace, with 
evenly rounded sides; fifth legs not visible dorsally, 

Abdomen a little shorter than the genital segment, two-jointed, the 
terminal joint three times as long as the basal; the latter considerably 
wider than long: anal papille as in the female, but the plumose sete 
much longer. 

Total length 2.95 mm. Length of carapace 1.25 mm.; width of 
same 1.2 mm.; length of genital segment 0.6 mim.; length of abdomen 
0.5 mm. 

Three specimens, two females and a male, of this well-defined species 
were obtained from the eills of ZZoin uon elegans Cuvier, in the Danish 
West Indies. The largest female was full size, with ege strings just 
hatched. 

(Aem ulonzs, generic name of the host.) 


CALIGUS MONACANTHI Króyer. 


Caligus monacanthi Kroyer, 1863, p. 59, pl. rr, fig. 2, a-e.—BAsSETT-SMITH, 18997 
p. 450. 

Króyer obtained what he states to be a male Caligus from the skin 
of a Monacanthus in the West Indies. There was but the single speci- 
men on which to found this new species. 

After a careful. examination of Ivóyer's figures and a study of his 
description, it seems to the author that he must have mistaken the sex 
of his specimen, and that what he really had was a young female Cali- 
gus productus. 

The general make-up of the creature is that of a female and not a 
male; the genital segment is very large for a male, and if it were really 
that sex with lobes at the posterior corners, as indicated, the sete of 
the fifth legs would certainly be visible. 

But Kréyer states that there are no sete. Again, if it were a male, 
with an abdomen as long as indicated, that region would certamly be 
segmented as in all other known species. 

In the description Króyer does not notice any differences in the see- 
ond antennæ and second maxille. which are characteristic of all males. 
On the other hand, his description is identieal throughout with that 
given for the female of productus, and we note particularly the absence 
of plumose sete on the terminal joint of the first swimming legs, the 
group of seven or eight peetinate projections on the outer border of 
the basal joint of the endopod of the second legs, the widely separated 
rami of the third legs, while the fourth legs are three-jointed, with 
four spines, the inner terminal one much longer than the others. In 
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view of the marked similarity between this single specimen and the 
female productis, it will at least be necessary to wait for further speci- 
mens whose sex cin be established beyond a doubt before admitting it 
as a new species. 

This completes the North American species so far as known at the 
present time, but there are in the National Museam collection, speci- 
mens of another species from South America which seem to be new to 
science and whose description is here included. (See p. 649.) 


Genus CALIGODES Heller. 


Carapace minute, a very small fraction of the entire length. Fron- 
tal plates well defined and furnished with lunules. First maxille 
small with a swollen base; second maxille simple. Furea large and 
prominent with the divergent and sharp-pointed branches bent so as 
to appear like a grapnel anchor in side view. Free segment narrow 
and somewhat elongated, forming a neck connecting the carapace with 
the genital segment. 

First and fourth legs. uniramous, second and third biramous, the 
fourth pair sometimes partially rudimentary. 

Genital segment. much swollen and prolonged posteriorly into two 
processes as long as the abdomen and extending backward nearly 
parallel with it on either side. Fifth legs lacking. 

Abdomen elongate and flattened; anal lamine linear and minute. 

Eee cases long and narrow: eggs as in Caligus. 

(Caliqgodes, Caligus, and odes, a termination denoting likeness or 
similarity.) 

This genus will be distinguished from Achetus under the latter 
genus (see p. 615), and it only remains to separate it here from van 
Deneden's genus, Seiwnophilus. In the latter the free thorax seg- 
ment is very short and wider than long, as it is in Caligus, while in 
the present genus the free segment is much elongated. Again in 
Nelienophilis the genital segment is without processes or appendages. 
while here it is prolonged on either side into an appendage as long and 
as large as the abdomen. In Seveenoph//us, also, the second maxillipeds 
are very large and massive, while here they are of moderate size. 


ANALYSIS OF SPECIES. 


1l. Abdomen wide and produeed into posterior lobes; fourth legs four-jointed with 

HVE YS DITCH RE oie ea eye eta eee carangis (B-Smith, 1898, b). 

1; Abdomen without lobes or processes, of mediumi se 2. 22A 

2. Processes on genital segment longer than the abdomen; fourth legs inserted 

close to the carapace, two-jointed with two spines. 

megacephalus, new species. 

2. Processes on genital segment shorter than the abdomen; fourth legs inserted 
some distance back of the carapace, three-jointed with one small spine. 

laciniatus (Ixróyer, 1863). 
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CALIGODES MEGACEPHALUS, new species. 
Pawe AVE 


Femate.—Carapace orbicular, a httle longer than wide nearly one- 
fourth the entire length. Frontal plates distinct and furnished with 
small Tunules, which are better developed than those on Zehetus. 
Frontal margin deeply incised at the center, with the remains of the 
basal portion of an attachment filament still left in the incision. Iu 
this genus, therefore, the development is similar to that of Caligus, 
and the larva at one period is attached by means of a frontal filament. 

Posterior sinuses small, narrow, and inclined toward the central 
axis; median lobe but little more than one-third of the entire width, 
projecting half its length back of the lateral lobes. The latter are 
"ther pointed and curved inward at the tips. Thoracic area small, 
half the width and a third of the length of the carapace. Eyes small 
and situated far forward. Free segment elongate. a little more than 
half the length and one-third the width of the carapace, contracted 
where it joins the latter, but widened through the bases of the fourth 
legs (fig. 157). 

Genital segment also elongate, flask-shaped, produced into a long 
neck anteriorly, while at the posterior end it extends backward in a 
narrow lobe on either side of and nearly as long as the abdomen. On 
the dorsal surface of this segment there is a broad horseshoe-shaped 
curve, the toe of the shoe formed by a slight projection just over the 
anus, while the sides of the shoe extend forward in a curve parallel 
with the margin of the seement. Abdomen elongate, nearly as long 
as the genital segment, only one-fifth as wide as long, and the same 
diameter throughout, except at the very tip. It shows no trace of 
segmentation. The anal papille are very minute and inclined toward 
each other. The egg cases are narrow, while the eggs are thick and 
probably not very numerous, although that can not be decided with 
certainty, since the cases are broken and the posterior portion ix 
lacking. 

Of the ventral appendages the anterior antenne are as long as the 
frontal plates, the terminal joint longer than the basal, and both armed 
with setie in the usual manner. 

Posterior antenne with a short basal joint and a long terminal claw 
bent into a sickle shape. There is a short and blunt accessory spine 
at the base of the first joint. 

The first maxillie are little more than a swelling on the ventral sur- 
face of the carapace. The second maxille ave broad: and. triangular, 
and as long as the mouth tube. They are removed some little distance 
from this tube on either side and are rather blunt at the tip. 

The first maxillipeds are short and stout, the joints approximately 
even, the terminal claws short. The second maxillipeds are large and 
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strong, the terminal claw three- fourths as : long as the swollen bus 
joint, with a large tooth on its inner margin near the base. Furca 
small, the base about the same length as the branches. The latter are 
slender, well separated, and nearly parallel. This furca is reentoreed 
on either side by a stout curved spine, situated about halfway between 
the furca and the bases of the first. legs and a little distance from the 
mid liue. 

First legs short and stout, the last joint bearing a single short termi- 
ual spine. not curved, and the usual three phiniose sete on its posterior 
border. There are no terminal claws. 

The second legs are like those of Caud/gus in segmentation and append- 
ages, with the spines on the three joints of the exopod the same size 
and rather small. Rami of the third legs close together, each two- 
jointed and furnished with the usual sete and fringe of hairs. Fourth 
legs two-jointed, the joints the same size and length. the second one 
terminating in a single spine of medium size. Fifth legs entirely 
lacking. 

Total length, 6.1 mm. Length of carapace, 1.25 mm.: width of 
sume, 1.1 mm. ; length of genital segment, 2 mu. (+ mm. including 
the posterior processes); length of abdomen, 2.2 mm.: length of free 
segment, 0.7 mm. 

Color a dark yellowish brown, abdomen and egg strings darker than 
the rest of the body. 

(megacephalus, péyas large and Kepari head.) 

There is but a single female of this species in the National Museum 
collection, numbered 6103. which was taken from the underside of 
the mouth of a silver gar (Lepisosteus osxeus) at Woods Hole. It has 
apparently shrunk somewhat in the preservative, but as the shrinkage 
has been uniform it has not affected the proportions of the ditferent 
purts. 

This is of. importance, because the details of the appendages in the 
two species of this genus already described are meager, especially for 
the species /ae/néaius, the type. lence the distinction. of species 
must be based upon the relation of the different parts. This will 
appear to better advantage in tabular form. 


| 
Measurements,  Lactidutus Carangis, Meyarenh- ' 
| 
| — Wu NH 
NUN, mm. wun, 
rotai reie a deo MM eee eee : 5-5.5 11-12 | 6.1 
Length ot .75 1.6 1525 
Longth:ot irec WENEN. eres euer ces css les a: Wo 4 
Length of genital segment. 220 6.3 1 | 
Muthsofcardpaco SN DF 151 
Widthiok gemat segontes cre a eec | ney) 1.5 1.5 A 
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From this table it can be seen that the species carengis is about 
twice the leneth of the other two, which are themselves approximately 
equal. But the carapace in carangis is only one-seventh the entire 
length, while in megacephalus it is a quarter. The free segment in 
megacephalus is actually three and a half times as long as in carangis, 
or proportionately seven times the length, and yet it is only half as 
long as the free segment in /ue/niatus, The relative width of the 
genital segment and carapace also vary greatly in the three species. 

And if Kroóver's figure of the ventral surface of weiniatus is to be 
trusted for details of the appendages, the second. maxillipeds in that 
species have no tooth at the base of the terminal claw, and there are 
no accessory spines in connection with the furca. 


Genus ECHETUS Kroyer. 


Carapace minute, a very small portion of the entire length; frontal 
plates well defined and furnished with lunules. First maxillie and 
furca lacking: second maxillæ simple. 

Free thoracic segment very narrow and much elongated, forming : 
long neck connecting the carapace and the genital segment. 

First and. fourth legs uniramous, the fourth pair partially rudi- 
mentary; second and third pairs biramous. Genital segment swollen 
several times the size of the carapace, without appendages or proc- 
esses. Abdomen an elongate spindle attached to the genital segment 
by a very short and narrow neck; anal laminie linear, minute. Egg 
cases a little longer than the abdomen, eggs as in Culzgus. 

(Avhetus, the name of a king mentioned in Odyssey, line 85.) 


“ers Eyeror Baiia, Bporar óyAnpora mavrerv.” 


This name is peeuliarly appropriate, as can be seen from atranslation 
of the context, “And I shall send you to King Echetus, destroyer of 
all men, who will eut off your nose and ears with pitiless steel, and 
draw out your vitals and give them to dogs to eat raw," 

Only one species known. 


ECHETUS TYPICUS Kroyer. 
Plate XVII. 


Female.—Carapace about one-twentieth theentirelength, longer than 
wide. Frontal plates well detined and furnished with small Junules, 
which are widely separated and not fully visible dorsally. The median 
incision between the two plates is as deep as the plates themselves, 
reaching the margin of the cephalic area. In this incision can be 
plainly seen the remains of the base of an attachment filament similar 
to those in Caligus. 
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This indicates plainly that the genus has a development similar to 
that of the other members of this subfamily, 

Posterior sinuses shallow with divergent sides; median lobe four- 
sevenths the entire width, projecting far behind the lateral lobes, with 
nearly straight, inclined sides, aud an emarginate posterior border. 


Lateral lobes short and well rounded. Thoracie area very small, the 
groove which defines its anterior border reaching only a short distance 
in front of the posterior sinuses, or about one-third the entire length 
of the carapace. 

The longitudinal grooves separating the lateral from the cephalic 
areas are not well defined and are consequently dificult to trace. 
Eyes small and situated well forward. 

Free thoracic segment cylindrical, about one-fourth the width of the 
carapace, contracted considerably just before joining the latter and 
prolonged posteriorly into a narrow, thread-like neck, nearly twice 
the length of the rest of the body. 

The fourth lees are attached close to the carapace just back of the 
constriction. 

Genital segment approximately an ellipsoid. two and a half times as 
long and twice as wide as the carapace. H is flattened somewhat dorso- 
ventrally and has three lobes on the posterior margin, a short blunt 
one at the base of each of the egg cases and a smaller median one. 
The dorsal surface of this segment is marked by two ridges which 
start from the center of the lateral margins on either side and curve 
in toward each other and pass backward close together alongside the 
median line to the posterior median lobe. The areas at the posterior 
endof the segment outside these ridges are darker in color than the 
rest of the segment, and their surface is wrinkled irregularly. They 
contain the ovaries and the internal oviduct. 

The abdomen is an elongated spindle, nearly twice the length of the 
genital segment and half its width, unsegmented. It is contracted 
into a very narrow wasp-waist where it joins the genital segment and 
tapers evenly and gradually toward the posterior end. It is attached 
to the ventral surface of the genital segment, a short distance in front 
of the posterior end, and in a side view stands out nearly at right 
angles to the longitudinal axis of the segment. 

Anal papille linear. almost thread-like, but quite long and tipped 
with three short sete, Ege tubes narrow, only one-quarter as wide 
as the abdomen but about the same length, each containing 40 to 50 
eges. 

Anterior untennz the same length as the frontal plates: basal joints 
thick, conical, and heavily armed with plumose sete: terminal joints 
the sume length as the basal, cylindrical, and bluntly rounded at the 
ends where they show the usual nonplumose sete. 

Frontal plates peculiar in that the outer portion between the lunules 
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and the antennm curves forward and projects considerably, looking 
like the stumps of an accessory pair of antenne. 

Posterior antenne small, with a stout basal joint and a long slender 
terminal hook. not bent very sharply. They are situated far forward 
almost at the very anterior margin of the carapace. No trace could 
be found of the first muxillie or the furca after the most careful search, 

Second maxilke short and wide. triangular in outline with swollen 
bases, and bluntly rounded at the tip. They are closely appressed to 
the side of the mouth tube and are about two-thirds its length. The 
mouth tube is short and wide. almost a semicircle in outline. and 
flattened against the ventral surface of the carapace. [t does not seem 
capable of being raised any distance from the latter as in Cu//gus and 
other genera. 

First maxillipeds short and comparatively stout. the two joints 
about the same length; terminal claws short and stout, the inner one 
twice as long as the outer. Second maxillipeds greatly enlarged and 
very strong. evidently serving as the principal organs of attachment 
to its host. The basal joint is much swollen and furnished with power- 
ful muscles; the terminal claw is two-thirds as long as the basal joint 
and strongly curved. No accessory spine could be seen upon the 
specimens examined, 

The first thoracic legs are long and narrow, the second joint five 
times as long as wide and cylindrical. The terminal joint is also much 
longer than wide, and armed as in Cof/gos, with three terminal claws 
of moderate length, three plumose sete on the posterior margin, and 
a long slender seta at the corner between the two. Second legs large. 
with a long basal joint and a three-jointed endopod and exopod, the 
joints of similar size and shape, and armed with spines and pluniose 
sete. as in Cal/gus. Third legs also large. the rami close together, 
each two-jointed and furnished with the usual number of plumose 
sete. The spine at the base of the exopod is of medium size and acu- 
minate. Outside of the exopod on the margin of the apron is a wide 
transparent flap, similar to that around the edge of the carapace, and 
supported by numerous wavy hair-like ribs. Fourth legs short and 
stout, two-jointed, the joints about equal. The terminal joint carries 
three terminal spines and one on the outer margin. all nearly the same 
size. No trace of the fifth legs can be found. 

Total length, 23.5 mm. Length of carapace, 1.1 mm; width of 
same, 1 min.; length of free segment, 14 mm.; length of genital seg- 
ment, 3.1 mm.; length of abdomen, 5.5 mm.: length of egg strings. 
6 nun. 

Color of the carapace. a light. yellowish brown. of the long neck- 
like free segment a dark brown, of the genital segment a sulphur 
yellow except in the posterior areas of the dorsal surface outside the 
ridges, where the yellow is mixed with dark brown: color of the abdo- 
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men a brownish yellow, considerably darker than the genital segment; 
of the ege strings a dark brown. 

(typicus, typical, that is. the type of the genus.) 

The National Museum collection includes three tmiumbered lots 
collected by Dr. IT. M. Smith from the inside of the operculum of the 
common channel bass (SNeécnops cecllatis Dinnieus) in the fish markets 
in Washineton city. 

In 1863 Króyer published the description of some specimens of 
female copepods whieh he had obtained from this sume channel bass 
at New Orleans. He called the tish Corrina nuimacnlata in his manu- 
script. le states frankly that the parasites had no head and only a 
portion of the long and slender ueck. But they seemed to him so dif- 
ferent from any of the others he had examined that he established for 
them a new genus Achetus, and a new species, typicus. From his tig- 
ures and description there is no doubt that his specimens were the 
sune as those here described, especially as they were obtained from 
the same species of fish. The names which he gave have accordingly 
been adopted. and the 
explained (p. 611) seems peculiarly appropriate for a ereature which 
burrows into the flesh of its host the entire length of the carapace and 
long free segment, leaving nothing but the genital segment and abdo- 


genus designation, which has already been 


= 


men exposed. 

So firm is the hold which the creature thus obtains that it is impos- 
sible to remove one entire without cutting away the flesh from around 
its neck and carapace. Those which Kréver obtained were probably 
pulled out without cutting the flesh, with the result that the free seg- 
ment broke somewhere near the center, to judge by the measurenients 
which he gives. For the obtaining of the head intact upon several of 
the present specimens the author is deeply indebted to the persistent 
and careful efforts of Doctor Smith. And the result fully justifies the 
efforts, for the addition of the head changes entirely the systematic 
position of the genus and its relationships. Kréver considered that 
the portion which he obtained indicated considerable degeneration. 
lle states that “the large knobs on the dorsal surface are, as it were, 
the beginning of a monstrosity of the genital parts observed in Lernæ 
branchialis and L. cyclopterind and indicates un approximation to those 
forms.” And in accordance with this view he places the species in a 
group which he designates as Lernieocerina (Lermeide), including the 
most degenerate forms known. But the general arrangement of the 
various body regions, together with the details of the carapace and the 
appendages, show at once that it belongs. to the subfamily Caligine: 
now under consideration. It thus takes its place:mong the least rather 
than the most degenerate forms. 

It is most closely related to the genus Cu//gedes, founded by Heller 
in 1565. On comparing it carefully with the three species already 
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known in that genus, the following differences may be noted. First, 
the carapace is relatively much smaller here and ovate instead of orbic- 
ular. Again, the free segment or neck is nearly twice as long as in 
Caligodes, and it is the same diameter throughout, instead of being 
enlarged where it joins the genital segment. The latter is also very 
different, having no processes of any kind in Achetus, but simply 
short and rounded lobes, such as are common in Cu/igus and other 
gener. 

The dorsal surfaee of this segment is also marked by the ridges 
already described, in a manner totally unlike Culiyodes. Here the 
abdomen is a symmetrical elongated spindle, while in CuZgodes it is 
broad and flattened, and in the species carangis is produced into poste- 
rior processes, like the genital segment. In this genus also the fourth 
legs are different from those in the three species of Culigodes, but the 
latter differ as much from each other, so that this could hardly become 
a generic distinction. 


Genus LEPEOPHTHEIRUS Nordmann. 


Carapace large, shield-shaped. Basal joints of the first antenna 
without the sucking dises characteristic of Caligus; the terminal joints 
free. Mandibles toothed only on the inner margins. Second maxille 
small, bifureate, the branches acuminate. 

First and fourth thoracic legs uniramose, second and third biramose. 
Free thoracic segment simple. without dorsal plates. Genital segment 
also simple, without plates or processes. Abdomen one or two seg- 
mented. The young with a frontal fikunent during the chalimus stage, 
as in Cafigus. 

(Lepeophtheirus, Keros, n seab, and fip, a louse.) 


ARTIFICIAL KEY TO THE SPECIES. 


This key is based upon the different body relations, as in Caligus (see p. 555). The 
same method of measurement is used as in the former genus, and here also are 
included all the valid species known at the present time, with the authority tor each. 
The author considers L. obscurus (Baird) to be the male of L. hippoglossi, while the 
specimen called by Bassett-Smith (1896, plate 1v, fig. 2) “Caligus obscurus, Baird,” 
is certainly not identical with Baird’s species, but is probably L. thompsoni (see 
p. 022). Three of Króyer's ‘new species," gibbus, gracilescens, and rhombi, are con- 
sidered identical with L. thompsoni, as are also Malm’s L. branchialis and van 
Jeneden's L. gracilis, ior reasons stated on page 622. Of the remaining species which 
are included in this key there are five whieh are based on single specimens, namely, 
cossyphi, longipalpus, molve, quadratus, and robustus. Another, ornatus, was not very 
clearly diiferentiated by Milne-Edwards, and no figure of it has ever been published. 


Carapace detimitely mone than halt the entire length..-.-..-...-.-.--------- n 
i, Cheng ao Lento oec comm F— 14. 
i] Ganapace decidedly less than half the entire length. ............:-:-:------= We 
2. Abdomen two-jointed, half as long as genital segment or more....------ By, 
2. Abdomen two-jointed, less than half the genital segment. ....--..------ +. 
2. Abdomen one-jointed, half the genital segment or more- ...-..--------- 5. 


2, Abdomen one-jointed, less than half the genital segment .............. TiO. 
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3. Females, genital segment obovate, longer than wide; lobes long, conical; 


2 
iounth lexus cc longipes, new species, p. 618. 

3. Females, genital segment orbieular, a fourth wider than long; lobes short; 
fourth, leskshort----- aea mae eee eee ees chilensis, new species, p. 658. 

4. Males, genital segment obovate, three-fifths the earapace; fifth and sixth 
[Girsere pent culo eerte e ee eee norlmannii (M-Edwards, 1840), p. 623. 

4. Males, genital segment oblong, one-fourth the carapace; fifth and. sixth 
Iescecdlosettovethuprc- ccce cen T erecsoni (Thomson, 1590) 
ar Isles bothstititismd sixtly legs 6, 

5. Males, only fifth legs showing, but with a pair of dorsal papille at the base of 
trevor til, RECT GING snes ce sve ECCE C ECCE T 
p; Soles, only Nitilessetiowime mo pani eaae e c a ear nara eee 8. 


5. Females, genital segment without appendages of 
6. Genital segment barrel-shaped, sides curved; no lobes; fourth legs reach- 


mg taent ee COR pectoralis (Müller, 1776). 

6. Genital seginent oblong, sides parallel; well lobed; fourth. legs reaching 
npuomen tie eee e. e S chilensis, new species, p. 658. 

7. Genital segment obcordate, one-third the carapace; fourth legs reaching its 
center only ........ cnc EIER ES appendicuatus (IKróver, 1863). 

7. Genital segment quadrate, one-fifth the carapace; fourth legs reaching fully to 
IUSSI T EET ole Co is Se ee eee robustus ( Ikróver, 1863), p. 646. 

7. Genital segment reniform, wider than long; anterior appendages lateral rather 
ÜEandorSnbl.-22ll eem eee cates QU CE crabro (IKróyer, 1863). 
8. Genital segment senilunar, wider than long; fourth legs nearly reaching its 
rotundiceniris (B-Smith, 1898, b). 
8. Genital segment diamond-shaped, longer than wide; lobesshort, acute; fourth 
EET ocucccod ee 00 D COT OE bagri (Dana, 1852). 
9, Genital segment ovate, wider than long; lobes acute, spine-like; fourth legs reach- 
MENS nacccexemmex uU eRECIUT ACC TC EET TOL sthmi (Brady, 1883). 
9. Genital segment cHiptical, longer than wide; lobes broad, rounded; fourth legs 
reaching its ia nordmavnii (M-Edwards, 1840 , p. 623. 


9. Genital segment subquadrate, wider than long; lobes broad, rounded; fourth 
legs reaching abdomen tip „ereesoni (Thomson, 1890). 
10. Males, both fifth and sixth legs showing plainly .. 
10. Females, only the fifth legs showing dorsally ... 


10. Females, no appendages visible dorsally ........ e 
1I. Genital segment elliptical; fourth legs reaching abdomen tip; branches of furca 
J..... hippoglossi. (Króyer, 1837), p. 625. 


li. (Genital segment ovate; fourth legs not reaching its tip; furca branches flattened, 


[oliaceous edwardsi, new species, p. 627. 

l1. Genital segment elliptical; fourth legs medium; furca branches acuminate, close 
tOpather: . So eller ee color ee dissimulatus, new species, p. 631. 

11. Genital segment quadrate; fourth legs medium; furca. branehez blunt, flanged, 
Wiclelyasey mated 222 2 ccce p parrirentvis, new species, p. 635. 

12. Genital segment orbicular; abdomen minute, spindle-shaped, much widened 


at center eoe rotudirentris (B-8mith, 1898, b). 

12. Genital segment broad flask-shaped; fifth legs longer than abdomen, 
cossyphi (Kroyer, 1863), p. 644. 
12. Genital segment orbicular, wider than long; abdomen nearly covered by it 
postertonhwciol.2.0.- mt dissiiulatus, new species, p. 631. 
13. (Genital segment elliptical, longer than wide; lobes short, narrow; furce 
branelesqoio turn hippoglossi (IKrüver, 1837), p. 625. 
13. Genital segment orbieular, wider than long; no lobes; fourth legs two-jointed 
withohneespinosmee EE E E brachyurus (Heller, 1865). 
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13. Genital Nn RENS as ole as long; no Jobes; fourth leg spines all 
GNSS coe E con Ee aoe M MENT edwardsi, new species, p. 627. 
13. Genital segment obovate, longer than wide; lobes very wide and blunt; no serrate 


SUS eee ee elaine =< SEDE parrirentris, new species, p. 635. 
13. Genital segment obovate, longer than wide; no lobes; furea branches bifid, 
bie MAMIE, bifurcatus, new species, p. 637, 


14. Abdomen four-jointed, as long as genital segment; the latter trapezoidal, 
pacificus (Gissler, 1883), p. 642. 

14. Abdomen two-jointed, as long as genital segment; lutter elliptieal; males. 
pollachii (B-Smith, 1896). 
^14. Abdomen two-jointed, shorter than genital segment ....-.....---------- 15. 
14. Abdomen one-jointed, as long as genital segment; latter ovate; lobes short, 
jail 2.» molier (M-FEd wards, 15569). 
15. Males, both fifth and sixth legs visible; genital segment narrow-ovate; abdomen 
J SUN ER nordinanuii (M-Ed wards, 1840), p. 625. 
15. Females, genital segment without any visible appendages. ...-.------------- 16. 
16. 


Genital segment obcordate; abdomen twice as long as wide; joints equal; 
free segmentas long as wide; fourth legs four-jointed, tive spines. 

erabro ( Kvóyer, 1863). 

16. Genital segment obeordate; abdomen twice as long as wide; joints equal; 

free segment three times as wide as long; fourth legs three-jointed, four 


SDN MM a ERE intereurveus ( Kröyer, 1863). 

16. Genital segment quadrate; abdomen as wide as long; joints equal; fourth 
Mesas odores tp en o RE e OUO TODOS pectoralis (Müller, 1776). 

16. Genital segment obcordate; basal abdomen joint four times terminal; fourth 
legs three-jainted, five spines..---..---...----- grolmanni (Kröyer, 1863). 

17. Abdomen two-jointed, longer than rest of body; genital segment triangular, twice 

(ile contia donnee oea pharaonis ( Nordmann, 1832 

17. Abdomen two-joiuted, longer than genital segment; females............... 18. 
17. Abdomen two-jointed, shorter than genital segment Sg 


17. Abdomen one-jointed, three times the genital segment; latter subquadrate, spiny; 
lobes short..... flores (van Deneden, 1802). 

17. Abdomen one-jointed, a little longer than genital segment 
17. Abdomen one-jointed, shorter than genital segment 
18. Genital segment oblong, half the carapace; 
terminal 


Dasal abdomen joint four times 
- -longipalpus (B-Smith, 1898, b). 
18. Genital segment oblong, as large as carapace; basal abdomen joint twice ter- 


PEN HS innominatus new species, p. 656 

19. Females, abdomen distinctly more than half as long as the genital segment; fifth 
lees asonpciertleot bo OGM, 1111 20. 

19. Females, abdomen clearly less than half as long as ae genital segment; fifth legs 
xci] Sm clc eal] WE S eee Cc 2p 


20. Genital segment ovate; no lobes; fourth legs nearly reaching its tip. 

sturionis (Kroyer, 1837). 

20. Genital segment elliptical, lobes large; fourth legs not reaching its center. 
thompsoni (Baird, 1850), p. 619. 
20. Genital segment elliptical; lobes broad, but short; abdomen half its width. 
salmonis (Kroyer, 1858), p. 640. 
21. Genital segment. quadrate, as wide as long; joints of the abdomen nearly equal. 
pectoralis (Müller, 1776). 
21. Genital segment elongate, twice ax long as wide; basa] abdomen joint three times 
(US OS eS e oooloUOR d D ERE ETE bagri (Dana, 1852). 
21. Genital segment flask-shaped, a tiith longer than wide; basal abdomen joint the 
longer seenen ron a E quadratus ( IKróyer, 1863). 
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21. Genital segment oblong, twice as long as wide; basal abdomen joint the wider, 
lutshornter.«-..- Re ie DC ESTEE monacanthus (Heller, 1865). 

22. Females, genital segment quadrate, nearly as long as carapace; no lobes. 
pollachit ( B-Smith, 1896). 


22. Females, genital segment bell-shaped, half the carapace; lobes long and 


ť > 
broad. -c2l2llinc- 0 aeaa ae e eee eveulpatus (Fischer, 1860). 
23. Females, genital segment elliptical, lobes short and broad; fifth legs concealed 
dorsally aoei na een SU Sa) LO TES S TONES (S 
23. Males, genital segment spindle-shaped; lobes narrow and two-thirds as long as 
akame Nse aea DE dc MR e lores (van Beneden, 1892). 
23. Males, genital segment broad acorn-shaped; no lobes; both fifth and sixth legs 
Misi ess o0 en intercurrens (Ixróyer, 1863). 


LEPEOPHTHEIRUS LONGIPES, new species. 
Plate X VIII, figs. 206-211, 222. 


Fenlc.—Carapace elliptical, one-seventh longer than wide. Frontal 
plates well rounded and deeply incised at the center. Posterior sinuses 
of medium width, with the sides nearly parallel; median lobe rather 
more than half the entire width and projecting well back of the lateral 
lobes. Free thorax segment four-fifths as wide as the genital segment, 
four times as wide as long. 

Genital segment oblong. somewhat less than half the width of the 
‘arapace, a little wider posteriorly where it is produced into a narrow 
conical lobe on either side. 

Abdomen narrow, oblong, two-jointed, the basal joint somewhat 
the larger. Anal laminæ long, narrow, and curved inward so much 
at the tips that the two overlap. Ege strings about the same diameter 
as the abdomen and three-fourths as long as the body. 

Anterior antennæ two-thirds the length of the frontal plates. well- 
armed with sete: posterior antenme sleader, the terminal claw much 
longer than the basal joint and curved nearly a third of its length. 
Both pairs of maxilke very slender, the first pair not much curved, 
the second pair divided about to the center with the branches close 
together, parallel. and both curved slightly away from the rostrum. 
Furca narrow and abruptly constricted at the base: the branches very 
thick and stout, divergent, and much longer than the base. 

Second maxillipeds stout, the claw three-quarters the length of the 
swollen basal joint with an accessory spine longer and stouter than 
ordinary. The plamose sete on the first swimming legs are short and 
weak; the two outer terminal claws are pectinate, while the inner one 
is smooth. On the second legs the spine at the Gp of the basal joint 
of the exopod is very large. nearly as long as the joint itself, and the 
spines on the other two joints are also large. There is a curved claw 
at the tip of the second joint of the endopod of these legs which is 
totally unlike anything observed in other species. The fourth legs 
are very large, relatively much longer than in any other species. The 
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basal joints are thiek and swollen, and they feach cus um the center 
of the genital segment, while the three terminal joints, mneh narrower, 
extend well beyond the tips of the anal papille. There are the usual 
five spines on these legs, arranged in the customary manner, There 
are several species (erecsond, rice nordmanni. ete.) in which the 
fonrth legs of the male reach beyond the tips of the anal papille, but 
this is the first instance where the same is true of the female. Fur- 
thermore, these legs in the present species are far larger than those 
of any known maie, the basal joint on each lee being actually larger 
than the entire free segment to which it is attached. 

This, therefore. may be taken as the distinguishing characteristic of 
the species. 

Total length 8.5 mm. Length of carapace 4.25 min.; width of the 
same 2.6 mm.; length of genital segment 2.1 mm.; length of abdomen 
1.25 mm.; length of egg strings T mm.: length of the fourth legs 4.2 
nun., including the spines. 

The color in preserved specimens is a dark yellowish gray. without 
any pigment visible. 

(longi pes, longus, long, and pes, foot.) 

This species is very clearly differentiated from all others by the size 
of the fourth legs, hy the shape of the furca, and by the curved claw 
on the endopod of the second legs. 

The National Museum collection unfortunately includes only a single 
unnumbered lot of two females, and there are no data as to the locality 
or the host from which they were obtained. 


LEPEOPHTHEIRUS THOMPSONI Baird. 
Plate XVIII, figs. 212-219. 


Lepeaplitheivus thompsoni Bairo, 1850, p. 278, pl. xxxi, fig. 2.—Wure, 1850, p. 
121.—Basserr-Sauiru, 1809, p. 455.—7T. dm r, 1900, p. 152, pl. v, figs. 43-45. 

Caligus gracilis P. J. vax BENEDEN, 1851, p. 90, pl. n, figs. 1-7; 1861, p. 147.— 
Ricnisaryr, 1880, p. 148. 

Caligus branchialis STEENSTRUP and LüTREN, 1861, p. 362, pl. 1, fig. 3.—Cravs, 
1864, p. 365, pl. xxxitr, figs, 3-7; pl. xxxiv, figs. 8 and 9. 

Lepeophtheirus rhombi K RÖYER, 1863, p. 118, pl. v, fig. 5, a-i. 

Lepeophtheirus gibbus Ixnóvgn, 1863, p. 121, pl. xvii, fig. 2, a-i. 

Lepeopltheirus geacileseens KRÖYER, 1863, p. 124, pl. vi, fig. 2, a-i. 

Lepeophtheirus gracilis Carts, 1885, p. 5580.—DnuraN, 1898, p. 12, pl. 1, fig. 5; 
Ts BIS 

Lepeophtheirus obseurus BsskTT-SMITU, 1896, a., p. 157; 1896, b., pl. iv, fig. 2. 

Lepeophtheirus branchialis BAssrTT-SMYTI, 1899, p. 456. 

Lepeophtheirus obscurus T. Scorr, 1900, p. 153, pl. vi, figs. 16-19. 

Female; —Carapace obovate, a little wider than long. not much nar- 
rowed anteriorly. Frontal plates narrow but distinct, without any 
incision at the center. Posterior sinuses widely triangular and shal- 
low, leaving a median lobe less than half the entire width and not pro- 
jecting beyond the lateral lobes. 
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Of the grooves separating the carapace areas. the crossbar of the 
“H” is much farther forward than in the preceding species, four- 
ninths. or nearly half. the distance from the posterior margin. More- 
over, it is strongly curved forward, and, together with the posterior 
portion of the lateral grooves, it forms a nearly perfect seinicircle. 
The lateral grooves are not parallel with the margin of the carapace, 
but diverge widely from it. The eves are smaller than in “aon /natus, 
but are situated in about the same relative position. 

The free thoracic segment is less than half the width of the genital 
segment, subtriangular in shape, and narrowed into a neck anteriorly 
where it joins the carapace. This is in marked contrast with unomi- 
natus. the anterior margin of whose free segment is its widest part. 

The venital segment has an elongate flask shape, narrowed into a 
neck anteriorly, and then widening to about two-thirds the width of 
the carapace. It is one-fourth longer than wide, with a deeply emar- 
ginate posterior border and well-rounded lobes at the angles. The 
abdomen is two-hfths the width of the genital segment, and two and a 
half times as long as it is wide. 

It is two-jointed, the basal joint nearly three times as long as the ter- 
minal. The abdomen is somewhat swollen at the joint, and then tapers 
rapidly toward the tip. The anal lamine are small and widely sepa- 
rated, with the tips curved in toward each other, The seti are also 
very small and slender, 

The egg strings are only half the diameter of the abdomen and about 
as long as the entire body. The eggs are thick, and number 125 or 13 
in each string. 

The first antenne are relatively smaller than in “acim nates, but are 
as well provided with sete and spines: the second pair are small, with 
a short terminal hook. 

Both pairs of maxille are slender, the second pair divided nearly to 
their base with narrow, slender, divergent branches. 

The furea is relatively large, fully twice the size of that in inno- 
minatus; it is strongly narrowed at the base and then widens into a 
broad U-shape. with dilated branches. 

The second maxillipeds are large but not to be compared with those 
in Znnoiiénetus for size: the terminal claw is nearly as long as the basal 
joint, hut rather slender and strongly curved. 

The first swimming legs have a stout spine on the posterior margin 
of the basal joint and another at the anterior distal end of the second 
joint. with the usual setze and terminal spines on the last joint. The 
fourth legs are short and small. four-jointed with five spines; but 
one of the spines is at the outer distal corner of the basal joint and 
there is none on the second joint. These legs are about one-third the 
length of the genital segment. The fifth legs are invisible in a dorsal 
view. 
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Total length s. 41 mm.; length of carapace 3.2 mm.; width of same 
3.4 mm.; length of genital segment 2.5 mm.; length of abdomen 2.1 
mm.; length of egg strings 8.5 mm.; 125 or 130 eggs in euch. 

General color a light yellow, the hard parts turning much darker on 
preservation. 

(thompsoni, to William Thompson, who did much valuable work on 
the Irish fauna.) 

Mate.—Carapace elliptical, one-sixth longer than wide. with evenly 
rounded sides. It is twice as long and nearly three times as wide as 
the rest of the body. The posterior sinuses are shallow and consider- 
ably narrower than in the female, but the grooves and general propor- 
tion of the parts are the sanie. 

The free segment is more than half the width of the genital segment 
and is swollen at the center through the bases of the fourth legs, so 
that it becomes spindle-shaped. 

The genital segment is orbicular. of about the same length and width, 
one-third the length of the carapace. It carries two pairs of setiferous 
papillæ. one on the lateral margins near the posterior corners and the 
other pair at the corners 

"The posterior margin n een the latter papilke is slightly concave. 
The abdomen is half the length of the genital segment, a little longer 
than it is wide, and strongly narrowed at the base. The anal lamin 
are minute and earry small sete. In the appendages there is the usual 
inerease in the size of the second antennew and second maxillipeds; 
otherwise the appendages are like those in the female. 

Total length. 4 mm. Length of carapace, 2.5 mm.: width of the 
same, 2.4 mm.; length of genital segment, 0.7 mm.: jene of abdo- 
men, 0.4 min. 

The specimens of this species in the possession of the National 
Museum were obtained from Rey. A. M. Norman. The lot is num- 
bered 8032 and consists of females only, taken from the turbot, RAom- 
bus mawrimus, at Cornwall, England. 

In all probability this is the species referred to by S. I. Smith (1514. 
p. 281) as found on the sting-ray (Dasyatis centrura) in Vineyard 
Sound; but those specimens were not preserved, and none have since 
been obtained from the same fish. 

But during the past season the author received from Mr. V. N. 
Edwards a single female of this species taken from a goosefish at 
Woods Hole. 

There has been the utmost confusion in the description of the species 
of Lepeophtheirus infesting the common turbot and brill of Enropean 
waters. There are no less than seven species of this one genus, all 
claiming to be valid and all infesting the same fish. These seven 
species are as follows, given in the order of their discovery: Lepeuph- 
theirus thompsoni Baird, 1850; gracilis van. Beneden, 1551; branch- 

Proc. N, M. vol. xxviii—04——410 
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dal is Steenstrup and Lütken, 1861: rhombi, gibbus, gracilescens Kroyer. 
1863; obscurus Bassett-Smith, 1896. 

The figures given by the various authors all show the same general 
proportions, body regions, and appendages, especially the small fourth 
legs. It is obviously impossible that there should be so many species 
of the same genus on one fish and corresponding so closely. And 
when we come to examine the figures and descriptions carefully we are 
at a loss to discover anything of specific value. The differences are all 
trivial and of uo greater value than those recorded under the single 
species Cadigus rapar, 

Dassett-Smith in his deseription of the species which he calls cbsexrus 
makes his specimens. which were all females, the same species as Daird's 
male, which the latter deseribed in 1850. 

This decision is based upon the bifurcation of the branches of the 
furca. If that were correct it would come the nearest to a specific 
difference of anything connected with the entire seven species. But 
Bassett-Smith in his first paper (1596) calls this species (obscurus) a 
Lepeophtheirus: in another paper published the sumne year be labels 
the figure he presents Culiyus and puts a pair of linules in the frontal 
plates; again in 1599 he goes back and calls it Lepeophtheirus. 

In the face of such vacillation too much stress can not. be placed 
upon the bifurcation of the branches of the furca. especially as this 
one detail is all he has ever presented in the way of a description. 

Baird himself suggested in his original description that the male he 
described as obseurus might very well be the male of the species %4ippo- 
gloss/, only the female of which was then known. 

If his figure. be compared with that given by other authors of a 
male AZppeglossz. the resemblance will be found very close. 

Furthermore Bassett-Smith places a question mark in every instance 
after the name of his species. Until he can give us more convincing 
proof, therefore, and a better description of his species we are not 
warranted in accepting its validity. 

With reference to Beneden's species it is enough to suy that not 
very much credit can be given to an author who represents the fourth 
legs as attached to the basal apron of the third legs, while the true 
rami of the third lees are attached to the lateral lobes of the carapaee(!). 

A careful reading of Króyer's diagnosis of the three species 740/457, 
gibbus, and grecilescens, together with a comparison of the figures he 
presents, will quickly convince one that the three are identical. AH 
the details which he gives of the appendages show absolutely no differ- 
ences, except trifling ones of size. The second antennw, second max- 
illie, furca, second maxillipeds, and third and fourth swimming legs 
are identical, The proportions of the different regions are also very 
nearly identical, only such slight differences as occur in any species. 
His specific distinctions, so far as one can judge, rest solely upon the 
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size and shape of the carapace and of the genital segment, and he was 
working entirely with preserved material. 

The carapace is the one part of all others to be modified in a preserv- 
ing fluid, while a candid examination of the genital segment of any 
common species will show that it is capable of much variation, even 
in living specimens. We are compelled to the conclusion, therefore, 
that we have here only a single species subject to local variations, and 
that the various forms given as distinct species are nothing more than 
varieties. And of them all Kréyer’s gracilescens is the most worthy 
of separation as a well marked variety. 

With reference to Steenstrup and Lütken's species branch ialis the 
figure which they give entire shows a genital segment quite different 
in shape from that which has been taken as typical of thompsoni. But 
the detail of the appendages, of whieh they present most admirable 
figures, corresponds exactly with ZAozipsoné. And they add a partial 
figure showing the free and genital segnients and the abdomen, which 
thev declare illustrates à common variation, and which corresponds 
very closely with that here given. Furthermore, they, as well as 
Claus. give Caligus gracilis van Beneden as a synonym under Caligus 
branchialis. The priority of branchialis presumably rests upon the 
fact that it is a manuscript name given by Malm, to whom they ascribe 
the species. But as Malms manuseript was never published, and 
hence Beneden's name, gracilis, antedates it by ten years, branchialis 
would have to be regarded as a synonym of gracilis rather than vice 
versa. 

The important fact for us is that the two species are identical, and 
that the one (branchialis) for which we have reliable details seems to be 
identieal also with fhompson/. 

Finally the seven speeies here discussed agree remarkably in size, 
the range being from 7 mm. in grae/lescens to 8.4 mm. in thompsoni, or 
less than a millimeter and a half, which is no more than would be 
expected in so large a species. 


LEPEOPHTHEIRUS NORDMANNII Milne-Edwards. 
PIENIA: 


Caligus nordmannii MILNE-EDWARDS, 1836-1849, pl. xxvii, fig. 1; 1840, p. 455. 
Lepeophtheirus nordmannii BArgp, 1850, p. 275, pl. xxxii, fig. 1.—HELLER, 1865, 
p- 180, pl. xvi, fige. 1 and 2.—Ratisen, 1884, p. 487.—THompson, 1895, p. 
118, pl. xxvi, fig. 5, a.—T. Scorr, 1900, p. 151, pl. v, figs. 32-37. 
Female.—Cavrapace orbieular, as wide as long, and very squarely 
truncated posteriorly. or even slightly emarginate. Frontal plates 
small and narrow and not very well defined: posterior sinuses broad, 
deep, and well rounded. Median lobe about one-half wider than the 
lateral lobes, squarely eut or emarginate posteriorly, with sharp 
corners terminating in short spines. 
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Grooves separating the carapace areas considerably ditlerent from 
those in other species. The two longitudinal grooves forming the 
sides of the “IT” are strongly inclined toward cach other anteriorly, 
and there are two crossbars instead of one, dividing the length of the 
carapace into quite even thirds. Eyes very small and situated just in 
front of the anterior crossbar. Free thorax segment subtriangular in 
shape and a little more than half the width of the genital segment. 

Genital segment obovate, not quite half as wide as the carapace. 
with broad and well-rounded posterior lobes. | Abdomen spindle 
shaped, half the length of the genital segment. with a strongly 
emarginate posterior margin. Anal lumini large and curved in well 
toward each other. 

The characteristic of the appendages is great length, combined with 
a reduction in width, making then appear very slender. The first 
antenme are somewhat of an exception to this rule; they are slender, 
but are also very short and hardly show at all on the anterior margin. 
But in the second pair the terminal hook is nearly twice the length of 
the basal joint and is bent into an almost perfect sickle shape. 

Both pairs of maxille are much elongated and narrowed, the 
branches of the second pair diverging considerably. The terminal 
claw of the second maxillipeds is longer than the basal joint and 
strongly curved, but its accessory spine is small and weak. 

The furea is much elongated, with widely divergent and slender 
branches, which are somewhat enlarged at the very tips, but these 
tips are not acuminate in American specimens. as was noted by Baird 
in European specimens: they are rather blunt. 

The first three pairs of thoracic legs are normal; the fourth pair 
have a spine at the outer distal angle of every joint and three terminal 
ones. ‘The two largest of these latter are very distinctly toothed. 
The fifth pair of legs, which are ordinarily rudimentary papillie, are 
in this species quite broadly foliaceous, but they do not protrude far 
from the ventral surface. 

Total length, 10 to 12 mm. Length of carapace, 5.5 mm.: width of 
the same, 5.4 mm.; length of genital segment, 2.85 mm.; length of 
abdomen, 1.5 mm.; length of egg strings, T mm. 

Color a dark vellow-white, without pigment spots of any kind. 

Male.—Carapace a little longer than the rest of the animal and itself 
longer than wide, narrowed anteriorly and quite strongly convex, 
Frontal plates rather more distinct than in the female: frontal margin 
slightly rounded with a broad notch at the center. Free segment much 
longer and narrower than in the female. about one-fourth the length 
and one-fourth the width of the carapace: considerably widened at the 
center through the bases of the fourth legs. Genital segment acorn- 
shaped, longer than wide. much narrowed anteriorly and deeply emar- 
ginate posteriorly; furnished with two acute lobes on either side at the 
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posterior corner. Abdomen only one-third the length of the genital 
segment, but two-jointed, the joints unequal, the basal one wider and 
the terminal one longer. Anal lamin small, nearly linear, furnished 
with short setze. 

Of the appendages the second antenne are branched as usual in 
males. The first maxille are very long and siekle-shaped. The sec- 
ond maxillipeds have a stout spine or tooth on the inner margin of the 
basal joint. The other appendages are the same as in the female. 

Total length, 5 mm. Length of carapace, 2.75 mm.; width of same, 
2.5 mm.; length of genital segment, 1.65 mm.; length of abdomen, 
0.75 mm. 

(nordmanni/, to Dr. Alexander v. Nordmann.) 

This species was first deseribed by Milne-Edwards in 1840, under 
the genus Cu/gus. This error was corrected by Baird in 1850, and 
the species was placed under the genus Lepeophtheirus, which had been 
founded by Nordmann himself in 1822. 

It is apparently confined to the sunfish of our own coast and in Euro- 
pean waters, as all the recorded specimens have been obtained from 
that fish. And it is not very abundant, only a few specimens being 
obtained from among the many parasites which infest one of these 
fishes. The National Muscum collection ineludes three lots, 6015, 
12667, 12668, the first und last from the vieinity of Woods Hole, the 
other from Casco Bay. | 


LEPEOPHTHEIRUS HIPPOGLOSSI Króyer. 
Plate NN, tig. 6 in the text. 


Caligus hippoglossi. Kréyer, 1837, p. 625, pl. vr, fig. 3 A. and m.—MiILNE- 
Epwanps, 1840, p. 456.—Ratikn, 1843, p. 102. —5rEENSTRUP. and LÜTKEN, 
1861, p. 355. 

Lepeophtheirus hippoglossi Bairp, 1850, p. 276, pl. xxxii, fig. 12.— Wl nóvkn, 1863, 
p. 131, pl. vr, fig. 5, a-d.—T. Scorr, 1900, p. 151, pl. v, figs. 88-42; pl. v1, 
figs. 1-2. 


Female.—Cavapace elliptical, widest at the center, one-fourth longer 
than wide. Frontal plates very distinct, but rather narrow. Postc- 
rior sinuses shallow and widely separated, leaving the median lobe 
fully half the entire width of the carapace. This lobe has a very flat 
posterior curve and usually overlaps the free segment. The lateral 
lobes are short and curved inward strongly at their tips. 

Free segment one-eighth the length of the carapace and four-fifths 
as wide as the genital segment, the portion to which the fourth legs is 
attached projecting strongly on either side. 

Genital segment three-fifths the length of the carapace, narrow, 
elliptical in outline, the length to the width in the proportion of 5 to 
4; posterior lobes narrow and pointed. 
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Abdomen very small, about one-tenth the entire length, rather eon- 
ical in shape, and terminating in a pair of small anal lamine armed 
with short plumose sete. 

Terminal joints of the first antennæ long and slender, elub-shaped, 
with only a few small setae. Second antenne with a stout basal joint 
and a long and strongly curved terminal claw. — Maxille relatively 
very large, the first. pair close to the tips of the second antenne, the 
second pair in the usnal place beside the proboseis. Each of this sec- 
ond pair is fully as large as the entire proboscis, projects far beyond 
the tip of the latter, and is bipartite for its terminal half. Each 
branch is the shape of a sharp cone with a wide flange or wing on 
either side at the center. 

The proboscis ix short and wide and bluntly rounded at the tip, 
mouth opening terniinal. The mandibles are long and slender, the 
last joint short, quite strongly curved and toothed along its inner 
margin. First maxillipeds normal; second pair slender, the terminal 
claw but little more than half the length of the basal joint; the acces- 
sory spine so small as to be easily overlooked. Furca long, narrow at 
the base but flaring rapidly toward the tip, the prongs strongly flat- 
tened, laminate, and each divided nearly to its base by à narrow sinus, 
leaving the secondary branches with squarely truncate ends and paral- 
lel sides. The central sinus isa broad U-shape, with a square base and 
slightly converging sides. 

The first swimming legs are stout, the basal joint with a short spine 
on its posterior margin, the second joint unarmed, the terminal joint 
as in other species. Third legs with large and powerful basal apron, 
but with very small and weak rami, scarcely projecting from the 
fringe along the border of the apron. Fourth legs large and stout, 
with four joints and four spines, the longest terminal one toothed on 
its outer margin. Fifth legs situated close to the openings of the 
oviduets and so rudimentary as to be scarcely. visible. 

Total length 12 mm. Length of carapace Y min.; width of same 
6 mm.; length of genital segment +mm.; length of abdomen 1.2 mm.; 
length of egg strings 15 mm. 

Color a light yellow, beautifully marked with spots of pink or red 
distributed all over the body and the basal joints of the fourth legs in 
an irregular pattern. 

Mule. —Carapace orbieular, as wide as long, the posterior sinuses 
broader than in the female, the median lobe relatively narrower and 
well rounded posteriorly, the lateral lobes not curved inward at their 
tips. Free thoracic segment wider than the genital segment and about 
half as long. 

Genital segment small, of about the same length and width, and 
carrying two pairs of large papille. One pair projects backward 
from the lateral margin about one-third the distance from its posterior 
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end; the other pair are situated at the posterior corners. The papille 
are all about equal in size and eaeh is furnished with three small setie. 

The abdomen is rather more quadrilateral than in the female, the 
anal lamin are larger, and their set are much longer. 

The chief difference in the appendages is found in the usual enlarg- 
ing of the second antenme and second. maxillipeds. The fourth lees 
are also relatively larger and project beyond the tips of the sete on 
the anal papillie, but their structure is the same as that in the female. 

Total length 7.2 mm. Length of carapace 4.55 mm.; width of same 
4.75 mm.: length of genital segment 1.25 mm.: length of abdomen 
0.7 mm. 

Color as in the female. 

(Aippogloss’, venerice name of its host.) 

Like the preceding species, this one was first described by Kroyer 
and Milne-Edwards under the genus Cu//gus, and was first recognized 
as a true Lepeophtheirus by Baird in 1850, 

Like nordinenné? also it seems to be practically confined to a single 
species of fish, the halibut, the few specimens obtained from other 
fish having probably been rubbed off a halibut caught in the same boat, 
as suggested by various authors. 

The National Museum collection includes lots numbered 8031, 12038, 
12631, 12634, and 20044, all from halibut caught off Greenland, Iceland, 
and Cape Ann. 8031 are type specimens from Shetland. 


LEPEOPHTHEIRUS EDWARDSI, new species. 
Plate XXI; Plate XXII, fig. 258; figs. 1, 4a, 4b, 11, 31, 34, 39 in the text. 


Fematle.—Carapace ovate, widest posteriorly, longer than wide. 
Frontal plates distinct. strongly curved, not quite half the width of 
the carapace. Posterior sinuses shallow, wide, and well rounded. 
Median lobe three-eighths the entire width, squarely truncated pos- 
teriorly, and projecting well hack of the lateral lobes. The latter are 
short, blunt. and straight (fig. 244). 

Free thoracie segment of medium length and about half as wide as 
the genital segment, contracted anteriorly where it joins the carapace. 
Genital segment slightly obovate with gracefully rounded sides and 
angles, contracted toa very short neck before joining the abdomen. 
The latter is one-fifth as long as the genital segment, wider than long, 
and tapering posteriorly. It is made up of a single joint which is eut 
for one-third of its length atthe anus. Anal papillee small, wider than 
long, with short and stout sete. Egg tubes nearly as long as the entire 
body and as wide as the abdomen, each containing 15 to 50 eges. 

Anterior antenne of medium size, and well armed with spines and 
sete; posterior pair rather slender and strongly curved. 

AM the other appendages are either Jamellate or furnished with 
lamelle somewhere in their structure. 
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The two pairs of maxille have wide wings along either side of the 
the central spines: in the second maxille, although the spines are well 
separated and divergent, these wings nearly touch. each other at the 
center, The first maxilliped has a spatulate lamella instead of a spine 
inserted in the inner margin of the terminal joint near its center. 

The second maxillipeds are large and stout, with a swollen basal 
joint. furnished on the posterior ventral margin, where it Joins the 
body, with a stout tongue-like lamella which projects downward at a 
right angle to the ventral surface. The terminal claw is three-quarters 
as long as the basal joint, rather slender, and furnished with a very 
long and hair-like accessory spine on its inner margin, Furca large, 
the base longer and narrower than the branches, and both base and 
branches strongly flattened into fan-like lamelle. The branches are 
nearly twice as wide as long. with radiating ridges and lines extending 
outward from the thickened center. The median sinus is triangular, 
the branches being so widened toward the tip as to nearly meet. 

The first swimming legs have a small spine on the end of the basal 
joint pointing outward. and a much stouter, blunt spine on the pos- 
terior border of the sume joint pointing backward. 

The three claws on the terminal joint are about equal, with serrated 
lamelle along their posterior margins. The second legs have a wide, 
rounded flange or wing along the outer margin of the exopod. The 
fourth legs are stout and four-jointed; the basal joint is swollen and 
carries a slender, flexible hair on its outer margin near the distal end. 

The short curved claw at the tip of the second joint, and the longer 
ones on the third and fourth joints, are flanged on one or both sides 
with serrate lamin. 

The fifth legs are distinet and of medium size, plainly visible ven- 
trally, but not dorsally. 

Total length. 7.5 mm.: length of carapace. £mm.; width of same, 
3.75 mm.; length of genital segment, 2.25 mm.; length of abdomen, 
0.6 mm.; length of egg strings, 5.5 nim. 

Color a delicate pinkish vellow. with small pigment spots of a pur- 
plish or reddish brown distributed evenly over the entire dorsal snr- 
face, so that the color is uniform throughout. 

Under strong magnification each spot is seen to be very irregular, 
and to consist of a dark-blue center bordered with purple. in both of 
which the pigment is in small granules of uneven size. those in the 
purple being the larger. From this granular center narrow convo- 
luted processes extend outward in every direction. In these the pig- 
ment is dark orange in color and is not granular, but like a water- 
color wash. The combination is very striking. and affords the most 
noteworthy instance of pigmentation thus far found among these 
parasites. 
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Male. Carapace as in the female, except that it is relatively much 
larger, five-cighths of the entire length (fig. 245). 

Free thoracic segment considerably shortened by the overlapping of 
the median lobe of the carapace. Unlike the condition in most males 
this segment is not proportionally wider than in the female. The gen- 
ital segment and ihe abdomen together form an almost perfect oval, 
the widest end being anterior, while it narrows rapidly posteriorly. 

The genital segment is one-third the length of the carapace, cousid- 
erably wider than long, and squarely truncated posteriorly. Ht is fur- 
nished with two pairs of large papille—one on the lateral margins, 
one-third the distance from the posterior end, the other pair at the 
posterior corners. In both pairs the papille are sharply conical and 
furnished with quite large plumose sete. The testes are very large, 
elongate-cHiptical in shape. and they fill nearly the entire segment. 
The semen duets open on the posterior ventral surface, on either side 
of the abdomen. The abdomen and the anal papillie are similar to 
those of the female. There is the usual difference in the appendages, 
but, while the second antennæ are increased in size, they are not 
branched as much as in most species. 

Instead, at their bases are two large corrugated ridges of chitin, 
inclined diagonally outward from the mid line, which serve to prevent 
shipping. 

Total length 3.6 mm. Length of carapace 2.2 mm.: width of sme 
2.2 mm.; length of genital segment, 0,5. mm.: leneth of abdomen 
0.9 mm. 

Color as in the female. 

(edwardsi, to Vinal N. Edwards, of the United States Fish Com- 
mission at Woods Hole, who discovered the species and collected 
nearly all the specimens.) 

Nauplius.—Body obovate or slightly spindle-shaped in outline, and 
almost exactly twice as long as wide. The posterior end is quite 
squarely truncated, while the anterior end is well rounded (figs. 39 
and 257). 

There are the usnal three pairs of appendages, which do not differ 
in form from those of other nanphi, except. perhaps that they are : 
little stouter. But the balancers on either side of the anus are consid- 
erably shorter and wider than in most nauplii examined. They are 
also considerably swollen at the outer ends and somewhat curved. 

The pigment is a distinctive bright purple. foreshadowing that of 
the adult, but it is distributed very sparingly in irregular patches, 
which vary much in position. size, and shape. Sometimes there are 
three pairs of patehes along the sides of the posterior part of tlie 
body. a central patch between the anterior pairs. and an anal pateh, 
each resembling a piece of tattered cobweb. But more often there is 
no regularity whatever in the arrangement, the only constant factor 
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being that the pigment is confined to the posterior two-thirds of the 


body, with traces also in the antennules. The eye and brain are dis- 
tinctly bilobed, each half semilunar in shape, the two convex sides 
facing each other and fused at their centers, giving the whole very 
much the shape of a rongh H. ; 

Total length 0.5 mm.; width 0.26 mm. 

After the first moult the larva becomes decidedly ovate, the pigment 
increases considerably in area, the eye moves back from the anterior 
edge of the carapace, and through the skin at the posterior end of the 
body can be seen the segmentation and the rudimentary legs of the 
metanauplius stage. 

Chal iius. —Carapace elongate and spindle-shaped; frontal plates dis: 
tinct and projecting strongly, giving the anterior portion of the body 
a triangular outline; the frontal filament at the apex of this triangle 
large and strong. The anterior portion of the carapace Is considerably 
narrowed. The posterior sinuses are also narrow and not very deep. 
The median lobe is seven-tenths of the entire width and projects for 
three-quarters of its length behind the small lateral lobes. The trans- 
verse groove of the carapace is only a short distance in front of the 
posterior sinuses, leaving the cephalic area much larger than the 
thoracic, in spite of the great development of the median lobe. Eyes 
showing yet as two distinct half moons fused on their convex sides. 
and situated at some distance from the anterior border. Free seg- 
ment as wide as the segments posterior to it and quite long; genital 
segment and abdomen fused into au elongate ovoid, showing by : 
slight constriction near the center where the two are to separate; 
anal papillie large and well provided with stout sete (lig. 258). 

Color a pinkish yellow with pigment spots of the same purple as in 
the nauplius and adult, rather sparingly and irregularly scattered over 
the posterior two-thirds of the carapace; almost none anywhere else 
on the body. 

Total length 2.55 mm.; length of carapace 1.52 mm.; width of same 
1 mm.; length of remainder of body 1 mm. 

This is undoubtedly the species mentioned by Smith (1514. p. 251) 
as found upon the flounder, Cheenopsctta vectlaris, and which he desig- 
nates ax “a species with a very short tail, and approaching Hellers 
genus alwiretes.” It is fairly common on the fonr-spotted flounder 
(Raralichthys oblongus), Int is not often found upon the summer 
flounder. It affords a notable example of color protection, for the 
pigment spots with which it is covered give it so nearly the hue of 
the dorsal surface of its host that it can be distinguished only when in 
motion. 

It is always found upon the external surface, and so far as observed 
always ou the dorsal side of the body. It shows no decided preference 
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for any partie ular in AES but may he found anywhere from the tm 
side of the operculum to the tip of the tail. 

When disturbed the males scuttle about over the surface in a lively 
manner, but the females ordinarily remain quiet. In the aquarium 
both sexes swim about freely, but the male is the more lively and 
usually lives longer. They ean be kept more successfully than many 
other species, and do not bother by crawling up out of the water. 
Females with eggs which are nearly ripe retain the egg strings even 
under rough treatment, and the nauplii may be reared successfully. 
The egg eases are separated rather more than usual at their origin 
in the genital segment. At first they approach cach other rapidly 
until about their own diameter apart, and then extend backward 
parallel with each other. "They are light colored even when well 
developed, so that it is dificult to judge of their maturity by their 
color. his is due to the paucity of pigment in the larvie. 

The National Museum eollection includes the following lots of this 
parasite, from the summer flounder (7%aalichthys dentatis) 6065, 6081; 
W. 61; W. 62; W. 65: W. 73, all from Woods Hole and vicinity. 

From the four-spotted flounder MR A oblongus) 1285 (two 
lots with the same number), 1308. 6040, W. 62; W. 64; W. 67; W. 68, 
all also from the vicinity of Woods Hole. 

From an unknown host 4403 from Great Ege Harbor, New Jersey, 
and W. 66 from an unknown locality. 

From the horse erevalle (Caranr hippos) a single specimen taken at 
Woods Hole. W. 69. 

From the gartish (Zylosurus marinus) a single male taken at Woods 
Hole, W. 16, and from uu summer skate (Raju erinacea) a single female 
at ae same locality. W. 


LEPEOPHTHEIRUS DISSIMULATUS, new species. 
Plate X NIT 


Femate.—Carapace orbicular, the width and length almost exactly 
equal; frontal plates large and well defined. Posterior sinuses shallow 
and broadly triangular; median lobe fully half the entire width of the 
carapace, projecting but slightly beyond the lateral lobes and squarely 
truncated posteriorly, sometimes slightly emarginate. Transverse 
groove in the center of the carapace, its halves nearly straight lines 
and inclined toward each other like the sides of a roof. Eyes small 
and placed well forward. Free thoracic segment short and a little 
more than one-third as wide as the genital segment, with the base of 
the fourth legs projecting strongly. 

Genital segment a sphere. flattened antero-posteriorly, its diameter 
a little more than half that of the carapace, its dorsal surface over- 
hanging the ventral posteriorly. From the rounded posterior margin 
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of this dorsal sur d ice, opposite each egg tube, projects a short, conical 
papilla, without setee or spines. 

From the ventral surface on either side of the abdomen and at a 
little distance from it. à. second pair of papilla: project back wards. 
These are much larger than the first pair. and each of them carries 
three good-sized plumose sete. These latter are not arranged ina trio 
at the tip as usual in this genus, but stand in a row along the outer 
margin of the papilla, one close to the tip, another near the center 
and the third between these two. In the Bermuda specimens there is 
also a third pair of papillae, each of which is situated just outside and 
superior to the base of the large ventral papilla on its side. This third 
pair is the smallest of the inos, and each of its p: apille i s tipped with 
a single long and slender seta. The large ventral pair evidently rep- 
resent the fifth lees; the other pairs are simply processes without 
special significance. Abdomen small, less than one-third the length 
of the genital segment, and attached to the ventral surface of the latter 
in front of its posterior border, so as to be almost wholly concealed in 
a dorsal view. It is swollen a little near the base, and then at the base 
where it joins the genital segment itis abruptly contracted into a short 
neck of about one-third its full diameter. It is made up of a single 
segment, three-fifths as wide as long. and terminates in kamine, which 
are three-quarters of its own length. These lamine are half as wide 
as long, and are armed with four slender plumose sete considerably 
longer than both abdomen and laine. The egg strings are wide and 
a little more than half as long as the whole body. Eggs very large, 
their antero-posterior diameter being often fully half their lateral 
diameter, and hence only 15 to 25 eggs in each string. 

Since the abdomen is thus upon the ventral surface, while the open- 
ings of the egg tubes are in the center of the posterior surface dorsal 
to the abdomen, it follows that the egg strings, when extruded, cover 
the dorsal surface of the abdomen, and practically complete the con- 
ceahnent partially accomplished by the overhanging of the dorsal sur- 
face of the genital segment. This position of the egy strings, dorsal 
to the abdomen, is yery unusual in the venus, the two being exactly 
reversed in relation in all other known species. 

In the appendages the basal joint of the first antennæ is robust and 
heavily armed with spines along its anterior and inner border. The 
terminal segment is slender, longer than the basal, and armed with 
numerous spines toward the distal end, and a single one at the center 
of the posterior border. 

Second antennie of medium size, with the terminal hook strongly 
curved, Both pairs of maxille consist of single curved spines, the 
first pair strongly curved, the second pair nearly straight. Terminal 
claw of the second maxillipeds less than half the length of the basal 
joint. the latter being fairly stout. 
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Furca small with parallel branches separated by a V-shaped sinus 
reaching beyond the center. The shape varies slightly in the speci- 
mens from the two localities as indicated in the figures. First swim- 
ming legs short and stout, the basal joint with a stout spine on its 
posterior border, the two inner terminal claws peetinate. 

Exopods of the second and third legs armed with long aud stout 
spines. Fourth legs of medium size, the basal joint about as long as 
the other three and bearing a single small spine on its outer margin near 
the distal end. A very long and slender spine at the distal end of the 
second joint, a shorter and stouter one on the third joint, the two inner 
terminal claws pectinate, the outer one very long and slender. Fifth 
legs large and well defined as already deseribed, protruding for more 
than half their length bevond the posterior margin of the genital seg- 
ment. They are broad at the base. but taper to a narrow tip. with the 
plumose sete on the terminal half. This avrangeinent is totally dif- 
ferent from that in any other species, except perrezenfris, and may be 
used to great advantage in determining the species. 

Total length. 3.5mm. Length of carapace. 2.5 mm.; width of same. 
2.8 mm.; length of genital segment, 1 mm.; length of ege strings, 2 
mm.: 15 to 30 eggs in each. 

Color a uniform dark yellow without pigment spots. 

(dissimulatus, dissiinulo, to conceal what really exists.) 

Jfule.—Carapace similar to that of the female. Free thoracic seg- 
ment relatively much larger. fully as wide as the genital segment and 
nearly half as long. with the bases of the fourth legs protruding as 
prominently as in the female. 

Genital segment elliptical in ontline, about as wide as long. and 
squarely truncated posteriorly. The fifth legs appear asa pair of 
prominent papille projecting from the posterior lateral margin on 
either side, each papilla carrying three long spines. 

Abdomen very short. wider than long: anal papille large and armed 
with plumose setze even longer than those in the female. 

The second antenne are much longerthan in the femaleand branched 
several times like a stag’s horn; they evidently make effective clasping 
organs. The other appendages are as in the female. except the fourth 
legs, which are relatively much larger and stouter. 

‘Total length, 2.5 mm.; length of carapace, 1.7 mm.; width of same, 
1.6 mm.: length of genital segment, 0.37 min.; length of abdomen, 
0.2 mm. 

The National Museum collection consisted of one lot, 1505, taken 
from the white-spotted serranus, Apinephelus labriformis, at Charles 
Island, one of the Galapagos group. This lot includes a male with 
ten females, but the latter were not very well preserved. and hence 
the author was much pleased to receive a second. lot of four females, 
admirably preserved, which had been taken from a red grouper. 
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Epinephelus morio, at the Bermuda Islands, by Dr. Edwin Linton, in 
the summer of 1903. Tt is from these latter specimens that most of 
the female characters in the present description. are taken. These 
females resemble those described by Bassett-Smith under the name 
L. rotundiventris,© but the male is entirely different. from the one 
which he pictures. i 

Tf he is right, therefore. in assigning the male and female which he 
deseribes to the same species, we have here a markedly different form. 
But, whether right or wrong, the present species shows enough 
important differences to leave no doubt of its validity. In this species 
the second maxilla is much longer than in Bassett-Smith’s species and 
the tip is not bifid in either sex. The furca is eut for three-fifths of 
its length rather than for one-tenth, as in rotundirentris, and it 1s 
widest at the tip instead of at the base. 

The detail of each pair of legs. especially the fourth, differs con- 
siderably in minor characters. The abdomen in rotundiventris is 
attached on a level with the dorsal surface, as is usual. It is widest in 
the center and tapers much toward the tip. where are attached the 
small lamine. 

In the present species the abdomen is attached on a level with the 
ventral surface and so far forward that the overhanging dorsal surface 
nearly conceals it in a dorsal view. It is widest at the base, and then 
abruptly contracted where it joins the genital segment, and to its tip 
are attached a pair of laminie nearly as large as the abdomen itself. 
In the present speeles, also. the male's genital segment is radically 
different from that of the female, and ts like that in other species. It 
is flattened dorso-ventrally, has an acorn-shape. and ts furnished with 
two pairs of paptlle, one on the lateral margins and one at the poste- 
rior corners. It does not project dorsally over the abdomen, but the 
latter is attached to it, as in other species, on a level with the dorsal 
surface. 

The general relation of the different regions in the male would thus 
correspond closely with that of both sexes in Bassett-Smith’s species, 
but the details of structure are very different. 

Another thing which renders the present species interesting is the 
thickness and paucity of the eggs. In no other species, except 5/rur- 
catus, is there any approach to the condition found here. That this is’ 
no accidental occurrence, nor the result of immaturity, is shown by 
the fact that the ege strings of all the females are almost exactly 
alike. Furthermore, a careful examination of the egg cases at the 
point of their attachment to the genital segment shows that all the 
eggs have been extruded, and the eases have been pinched off and 
closed, as is normally done at the conclusion of egg extrusion. 


He has used the term “ventris”? here to express a portion of the thorax; it is 


the genital segment which is rotund and not the abdomen. 


No. 1401. PARASITIC COPEPODS—CALIGID.E— WILSON. 635 


Such a marked restrietion in the number of eggs would lend us to 
search for some accompanying advantages in. the struggle for exist- 
ence. One thine which suggests itself is a superior activity. AH the 
swimming legs in the adult are powerfully developed. particularly the 
basal apron of the third pair. This constitutes the chief organ of 
locomotion as already suggested, but whether there is a similar supe- 
riority in all the stages of development only a careful study of the 
nauplii and chalimus stage ean determine. 

But the chief interest of the species lies in its morphological relation 
to such forms as Ca/zgus and Lepeophtheirus on the one side and the 
genus Avuretes on the other. In the latter genus the anal lamin 
are attached directly to the ventral surface of the genital segment, and 
usually at some little distanee from the posterior margin of the latter. 
It would be difficult to know just how to account for the disappear- 
ance of the abdomen were it not for the present species. But the 
structure here seems to indicate clearly that, starting from the dorsal 
surface and of a normalsize, the abdomen has retreated gradually, 
first to the ventral surface, and then away from the posterior margin. 
diminishing in size all the while, until it has been finally absorbed 
into the genital segment. 

The anal lamine have not participated in the diminution, but, 
retaining their original proportions. when the abdomen has disappeared 
they still remain on either side of the anus as morphological indicators 
of the degeneration which has taken place. 


LEPEOPHTHEIRUS PARVIVENTRIS, new species. 
Plate X XIII, figs. 275-284. 


Female.—Carapace obovate, one-eighth longer than wide, broadest 
posteriorly. Frontal plates of medium size and well defined; pos- 
terior sinuses broad, shallow, and quite widely separated, leaving the 
median lobe foir-ninths of the entire width and rather squarely 
truncated posteriorly. Lateral lobes broad and well rounded. Free 
thoracie segment considerably less than half the width of the genital 
segment, and of medium length. Genital segment a little more than 
half the length of the carapace, as wide as long, and with nearly par- 
allel sides and broad, well rounded posterior lobes. Abdomen quad- 
rangular and very small, only one-third the length of the genital seg- 
ment, and wider than long. Anal lamine large and curved outward, 
pach one armed with four long plumose sete. 

The two joints of the first antennz abont the same length. and both 
plentifully supplied with sete. The second antenne short and small, 
the terminal hook slender and strongly curved. 

The first maxille are as large as the claw of the second antenne and 
as strongly curved. The second maxillie are also large, the. branches 
slightly longer than the basal portion, and curved in toward each 
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other. Each branch is slender, conical. and rather blunt, without 
flanges or wings of any sort. 

Between the bases of these maxiHæ and those of the second antenna 
there ix on either side a pair of conical papille. The larger of these 
is in a line between the two appendages mentioned, and is furnished 
with a stout spine which is inclined strongly backward. The other 
smaller papilla. which is without a spine, joins the larger one on its 
outer border. These evidently represent the rudiments of the endopod 
of the second maxille. The first maxillipeds are slender, the terminal 
joint nearly twice the length of the basal and ending in three long 
sete, the inner two of which are pectinate. The second maxillipeds 
are stouter, with the terminal claw nearly as long as the basal joint and 
acuminate: the accessory spine is long and slender. Furca short and 
very wide. the branches longer than the base. widely separated, and 
nearly parallel, with the intervening sinus but little rounded. The 
brancbes are short and blunt with a slight flange on the inner side, 
making them widest at the center. 

The first swimming legs are short and stout, the basal joints con- 
nected across the median line by a narrow band of chitin, and each of 
them armed posteriorly with a short. blunt spine. The second joints 
are fringed with hairs posteriorly and carry a single small spine at the 
distal end anteriorly. The three terminal claws decrease in size pos- 
teriorly. the third one being only half as long as the first. The seta 
at the distal corner is very small, beine no Jonger than the shortest 
claw. The second pair of legs are also stout, the basal joints being 
nearly circular in outline and densely fringed with hairs around their 
entire margin. The basal joint of the exopod is noticeably long, and 
the spines are slender and sharp. The rani of the third legs are large 
and close together, the spine at the base of the exopod being twisted 
until it is nearly parallel with the margin of the basal apron. The 
fourth lees are large and reach back considerably beyond the posterior 
margin of the genital segment; they are four-jointed, the basal and 
third joints carrying spines at their distal ends, and the terminal joint 
ending in three short spines of about equal length. The fifth legs are 
well defined and their sete show beyond the edge of the genital 
segment. 

Total length Tinm, Length of carapace +mm.; width of same 3.25 
mm.: length of genital segment 2.1 mm.: length of abdomen 0.5 mm.; 
length of egg strings 6.3 mm. 

Color a uniform light yellowish white. 

(pareieentris, parrus, small, and vepfer. the abdomen.) 

Male. — Carapace elliptical. one-eighth longer than wide. the posterior 
sinuses very broadly triangular, leaving a well-rounded median lobe 
and lateral lobes, which flare outward. 

Free thoracic segment considerably narrower than the genital seg- 
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ment (seven-tenths of it). Genital segment ovate, one-third the width 
of the carapace, longer than wide, and quite squarely truncated pos- 
teriorly. There are two pairs of blunt papille projecting backward 
from the posterior portion of the lateral margins of this segment. 
The abdomen is quadrangular in outline. wider than long: the anal 
laminz are very long, while the plumose seta which they carry are 
nearly as long as the entire abdomen. 

Total length 4.5 mm. Length of carapace 2.8 mm.; width of same 
2.4 mm.; length of genital segment 0.8 mm.: length of abdomen 0.4 mm. 

This species closely resembles Z. A/ppoyloss/ Kroyer) and Z. uppen- 
diculatus (Kréyer), of the latter of which only the male is known. 
But in both these species the branches of the furca are bifid and close 
together, while the general proportions of the body and its parts are 
also entirely different. 

The National Museum collection includes several lots of this species 
taken during the voyage of the United States Bureau of Fisheries 
steamer A/hatross in 1555. They are all from the northern Pacific, a 
portion of them on the American side and the rest on the Asiatic 
coast. From Humboldt Harbor, Shumagin Islands. Alaska, an unnum- 
bered lot containing twenty females and ten males, no host given. 
From Loring Harbor, Alaska, an unnumbered lot taken from the cod 
of that region, Gadus macrocephalis. 

From Chignik Bay, Alaska, another unnumbered lot; also from the 
cod, Gadus macrocephalus. From the Commander (Kommandorski) 
Islands, Siberia, ten females and one male taken from /7Vevrograim mus 
monopteryg?us (Pallas). From a halibut taken off Alaska in the sum- 
mer of 1880, an unnumbered lot of ten females. From station No. 
4212 of the United States Bureau of Fisheries steamer Albatross an 
unnumbered lot taken from a species of Lep/dopsctte. 

No specimens of the Caligus curtus or C. rapar were obtained from 
these Pacific cod, as it seems practically certain would liave been done 
had those species been found there. 

It would seem, therefore, as if this new species of Lepeophtheirus 
took the place on the Pacific cod occupied by the two species of. Cul/gus 
on the Atlantic cod. 


LEPEOPHTHEIRUS BIFURCATUS, new species. 
Plate XXIII, figs. 285-293. 


Fomale.—Carapace elliptical. distinetly longer than wide, aud about 
one-third longer than the rest of the body. Frontal plates well defined 
with a shallow incision at the center. 

Posterior sinuses broad, well rounded, and slightly inclined. away 
from the central axis, leaving a median lobe considerably less than 
half the entire width and projecting well back of the lateral lobes. 
The latter are broad and well rounded. 


Proc. N. M. vol. xx viii—04i—41 
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Thoracic area considerably smaller than the cephalic and somewhat 
angular; digestive glands prominent, shaped like a comma, with the 
convex sides toward each other. 

Free segment. short and narrow, about one-fourth the width of the 
carapace, the bases of the fourth legs projecting strongly on either 
side. Genital segment ovate, considerably more than half as wide as 
the carapace, and three-fifths as long. with smoothly rounded corners 
and a slightly emarginate posterior border. Abdomen very small, 
wider than long. with small, widely separated papilla. Ege tubes 
about the same diameter as the abdomen and short. only a trifle longer 
than the genital segment, each containing but twenty eges. 

Of the appendages the anterior antennae are stout, the two joints 
about the same length: the posterior antennae have a large basal joint 
supplemented by a short and stout accessory spine, while the terminal 
joint 15 long and abruptly bent. 

The first maxilke are very large. for a female, strongly curved and 
blunt at the tip. The second maxilke are also very large, cut about 
to the center, the branches thick and stout, and flanged along either 
side. These branches are widely separated at their bases and diverge 
considerably. giving the intervening sinus a deep basin shape. The 
distance from tip to tip of the branches is the same as the entire length 
of the maxilla. 

The proboscis is long and of medium width, with nearly parallel 
sides. The first maxillipeds are long and slender: the terminal joint 
carries a small flattened spine on its anterior border at about the 
center. The two terminal chows are very uneven in length and both 
have serrated flanges along their sides. The second maxillipeds are 
small and rather weak; the terminal elaw is a little more than half the 
length of the basal joint and strongly curved, with a small and weak 
accessory spine on its inner margin. 

The furca is very large and wholly unlike that of any other known 
species. It is almost as wide at the tip as it is long, but is contracted 
to less than half that width at the base, giving the entire appendage 
somewhat the shape of a thick-stemmed wineglass. The sinus 
between the branches reaches nearly to the center and has a broad U 
shape, with the sides parallel. 

The secondary branches are narrow and acuminate. and the sinus 
between them is triangular and eut in as deeply as the central one. It 
thus ditfers markedly front the furca of A/ppoglossé and uppendicu- 
latus, the only other species in which the furca is doubly bipartite. 
In Aippoglossi the central sinus is triangular and its sides approach 
each other rapidly and almost touch. at the tips. The secondary 
branches are laminate and squarely truncate at the ends. In appen- 
dienfatus the secondary sinuses are not more than a very small fraction 
of the length of the central sinus. 
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The first swimming legs of this new species are short and thick, 
the basal joint with a short spine at the distal end, the terminal joint 
with the usual spines and setw. 

The second and third legs are slender but otherwise like those in 
other species. The fourth legs are large and stout, four-jointed, the 
basal joint somewhat swollen and as long as the other three, with a 
plumose seta at its distal end on the outer margin. The second joint 
has a very short and strongly curved claw at its tip; the third joint 
has a much longer one, while the three terminal claws ave still longer 
and increase in size from without inwards. The last four claws are 
close together and they all have serrate flanges along their outer 
margins. At the base of each of the claws on the dorsal surface is a 
large semicircular lamina made up of radiating thread-like spines, 
connected by a membrane. The tips of the spines project beyond 
the edge of the membrane, giving it a serrated appearance. The fifth 
legs are small and are not visible dorsally. 

Total length 4.5 mm. Length of carapace 2.7 min.; width of same 
2.4 mm.; length of genital segment 1.6 min; length of abdomen 0.8 
min.; length of egg cases 1.7 mm.; twenty eges in each case. 

Color, a dark-brownish yellow. without pigment spots. 

(bifurcatus, forked or divided into two branches, i. e., with a double 
furca.) | 

There is but a single lot containing two females of this new species, 
and the male is unknown. They were taken from one of the common 
flounders of the Pacifie coast, Pscttichthys melunostictus, in San Fran- 
eisco Bay, California. 

This species is distinguished from all others by the peeuliar structure 
of the furca, as already noted. The wide separation of the branches of 
the seeond maxille is another distinguishing characteristic, the sinus 
between the branches being very much broader than in any known 
speeies. "The fourth legs furnish a third character in the prominent 
spiny lamellie at the bases of the claws. So far as known these are 
not present in any other species of the genus. There is but a single 
female with egg cases from which to diagnose the species, but every- 
thing about them seems to point toa very small number of eggs. The 
thickness of the eggs for any species does not vary appreciably, 
whether many or few have been extrnded. and in this species they are 
much thicker than ordinary. In fact, the only other species which 
approaches it im this respeet is dissimulatus, which has just been 
described. 
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LEPEOPHTHEIRUS SALMONIS Kroyer. 
Plate ANIV 


Caligus salmonis Kroyer, 1838, p. 15, pl. vi. fig. 7 a-e. 

Caligus respa MILNE-EDWARDS, 1840, p. 456. 

Caligus strom BAIRD, 1847. 

Lepeophtheirus salmonis Bair, 1850, p. 274, p XXXI, figs: 8 and 0.—KRÓYER, 
1863, p. 137, pl. xvi, fig. 1 a-b.—HFKarunBUN, 1884, p. 487 

Lepeophtheirus stromii Baird, 1850, p. 274, pl. xxx, figs. 8 and 9.—DAsserr- 
Myurru, 1899, p. 455.— T. Scorr, 1900, p. 152, pl. vi, figs. 3 to 8. 

Female. —Carnpace orbieuluv, as wide as long: frontal plates narrow 
and not well defined; posterior sinuses narrow, shallow, and somewhat 
inclined away from the median line. Median lobe broad and well 
rounded, projecting but little beyond the lateral lobes, and often raised 
posteriorly into a fold or wrinkle. which projects over the dorsal sur- 
face of the free segment and hides it. 

The grooves separating the carapace areas are well defined; the cross- 
bar of the “H” is strongly curved, so that it makes a continuous half 
circle with the lower portion of the sides. The free segment is very 
short and narrow, less than half the width of the genital segment. 
The latter is nearly as large as the carapace. fully as long but a trifle 
narrower, with well-rounded lobes projecting posteriorly on either 
side of the abdomen. The abdomen is four-tifths as long as the genital 
segment and narrow, with a clearly marked constriction near the 
posterior end. Such a constriction is usually good evidence of seg- 
mentation, but the most rigid examination of the opaque preserved 
specimens at the author's disposal fails to confirm the segmentation. 
It is quite possible, however, that living specimens would show it 
clearly, and for that reason TA present species has been included twice 
in the artificial key herewith presented. The anal lamini are enlarged 
considerably at the tips and curved in toward each other. 

The egg strings are fully three times as long as the entire bodv, and 
at the same time very narrow, which of course emphasizes their elon- 
gate appearance. 

Of the appendages the second antennæ are stont, with the terminal 
hook considerably longer than the basal joint; the latter also lacks a 
spine on its posterior margin. 

The first maxillzie are very long and stout, the basal portion swollen 
to about twice the diameter of the terminal curved part. 

The second maxille are of the usual size and shape. The first max- 
illipeds are stouter than usual. the terminal joint more than twice the 
length of the basal. The shorter terminal claw is about three-fifths 
the length of the longer one, and is dentate along its outer margin. 
Iu the second maxillipeds the terminal claw is only about half as long 
as the basal joint. and in all the specimens examined it licked an acces- 
sory spine on the inner margin, The furca is proportionally small. 
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with short and blunt branches, whieh we somewhat divergent. The 
first swimnine lees are short and stout; the basal joint has a short 
spine at its distal posterior corner, while the second joint hasa similar 
one at the distal anterior corner, The terminal eliws are nearly the 
same length, and the plumose sete on the posterior margin are uncon- 
monly large. Seeond and third legs as usual. The fourth legs are 
four-jointed, with four spines; the second joint has an enlarged tip, 
with rough papillary elevations, but without a spine. The third joint 
has a short spine, about as long as the two outer ones on the terminal 
joint. The fourth or inner terminal spine is fully twice as long as the 
others. The fifth lees are broadly triangular and terminated by three 
small spines, but are not visible from the dorsal surface. 

Total length 185.2 mm. Length of carapace 6.6 mm.: width of same 
6.6 mm.; length of genital segment 6.6 mm.; length of abdomen 5 
mm.; length of eve strings 53 mm.; total length including ege strings 
65 mm. 

Color a dirty yellow brown, the dorsal surface often having a 
strongly metallic luster, quite different from any other species of this 
genus. 

(sul inonis, pertaining to the salmon.) 

Male.—Carapace elliptical, one-third longer than the rest of the 
body, and one-fifth longer than wide. | Frontal plates distinet, but not 
very wide; carapace areas as in the female. 

Posterior sinuses much broader thin in the female, but shallow and 
leaving the median lobe projecting well beyond the lateral lobes. 
Free segment long and narrow, only five-sevenths as wide as the gen- 
ital segment, and swollen at the center through the bases of the fourth 
legs. 

Genital segment elliptical-oblong, slightly narrowed anteriorly and 
with a shallow emargination on the posterior border, leaving very 
short and blunt lobes on either side. 

Abdomen oblong, a little wider posteriorly, made up of two seg- 
ments the basal of which is only about one-third as long as the termi- 
nal. Anal laminæ very large, more than two-thirds as long as the 
terminal joint and broadly foliaceous, each carrying four long plumose 
SOL, 

There is the usual sexual difference in the appendages, but nothing 
worthy of special note save that the fifth legs are not visible any 
more than in the female. 

Total length 6 mm. Length of carapace 3.45 mm.; width of sanie 
2.9 nun.; length of genital segment 1.1 mm.; length of abdomen 
1.25 mm, 

This species was first deseribed by Kréver in 1838 under the genus 
Caligus, and again in 1563 as a Lepeophtheirus, adopting Nordmanis 
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separation of such species as had no lunules. It was üben described 
independently by Baird in £847 under the name CufZqus straw 7, which 
he changed iu 1550 to Lepeophtheirus strom: This name of Baird's 
is the one subsequently retained by DBassett-Smith and T. Scott, the 
former of which gives Króyer's name as a synonym under it. 

But if the two species are identical, as there seems to be no doubt, 
then Kréyer’s name has a ess of nine years over Baird's, and must 
he retained. 

The species is common upon the salmon of our coasts as well as those 
of European waters. and often attains a large size. 

Some of the females examined by the author measured 22 mm. in 
length. and that. too, although they had been preserved in alcohol, 
They can be readily distinguished from other species by the extreme 
length and slenderness of the egg strings and by the metallic luster so 
common on the dorsal surface. 

The males are very scarce. the material in the entire National Museum 
collection yielding but a single specimen. So far as known, no figure 
of the male has ever been published previous to the one here included. 
The following are the lots in the National Museum collection: Cat. No. 
8030, from salmon at the Tyne, England, used for identitication of the 
American specimens, No. S109, four specimens. including the single 
male from the eills of a salmon, locality not given. No. SLET, from 
the king salmon at Kenai, Alaska. No. 8489, fifteen specimens, from 
Ungava, Labrador, found on “salmon and sea trout." No, 12666, 
from salmon at St. Johns, Newfoundland. No. 86073, from salmon at 
East Orland, Maine. No, 41840, two specimens, from ** Dolly Varden 
trout" in Altak Bay, Alaska. No. 6017, from Ovehorhyachus gor- 
buseha at Port Chatham, Cooks Inlet, Alaska. An unnumbered lot, 
from Safe salar, found at Rigolet, Labrador. 

The salmon at East Orland, Maine, must have been from fresh water, 
and several of the other species mentioned occur as entirely landlocked 
forms in various localities. There can be very little doubt, therefore, 
that this parasite is another instance of one which can remain upon its 
host during the passage of the latter from salt to fresh water. It 
would be of great interest to ascertain whether it remains upon such 
forms as have become entirely landlocked. 


LEPEOPHTHEIRUS PACIFICUS Gissler. 
Plate X XV, figs. 304—310. 
Caligus pacificus GISSLER, 1883, p. S85, figures in the text. 


Female,—Carapace about half the entire length, elliptieal, a little 
longer than wide; frontal plates short and narrow, but well defined. 
Posterior sinuses wide and shallow, leaving a broad median lobe, 
more than half the entire width, and not projecting baek of the lateral 
lobes. Thoracic area relatively small and well rounded posteriorly; 
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eyes small and situated far forward in the carapace, Free segment 
short and narrow. Genital segment quadrilateral, wider than lone, 
widest and somewhat emarginate posteriorly; lobes very short and 
well rounded, 

Abdomen only one-fourth the width of, but slightly longer than, 
the genital segment, and indistinetly four-jointed. lt is cylindrical in 
form and tapers somewhat toward the tip: the joints also diminish 
regularly in length, the basal one being about twice the length of the 
terminal. he anal lamine are large and leaf-shaped, but armed with 
short setie. 

The egg strings are two-thirds as long again as the entire body, of 
medium width, and there are between sixty and seventy eges in each. 

The first antenne are short and inconspicuous, with the two joints 
about the same length; the second antennæ are stout, the basal joint 
short and wide, and tapering rapidly outward. This Joint is provided 
on its inner surface with a knob-like process of chitin, the surface of 
which is raised into parallel transverse ridges, overlapping one another. 
There is thus formed a file-like surface which assists materially in the 
prevention of slipping. The terminal claw of this second antenna 
has a long slender spine on its outer margin. The mandibles are 
three-jointed, the third joint curved in toward its fellow and toothed 
along its Inner margin. 

The second maxillie are triangular and bifurcate for about one-third 
of their length; the branches are narrow aud sharp while the Dasal 
portion 1s wide and stroug. 

The first maxillipeds are very slender, the terminal joint much 
longer than the basal and armed with a short, sharp spine on the inner 
margin near the center. The two terminal elaws are not as uneven as 
in many species and both are bordered with a “delicate pectinate 
membrane” (Gissler). The second maxillipeds are large and stout, 
the basal joint considerably longer than the terminal claw. The acces- 
sory spine on the latter is near the base. The fourth swimming legs 
are short and weak, four-jointed with five spines, the basal joint as 
long as the other three, which latter are widened toward the tip. 

The spine on the second joint is short and strongly curved, the other 
four spines are about equal and arranged in a row at the tip of the 
Jast joint. This is dne to the fact that the second spine at the tip of 
the third joint is carried out by the elongation of the joint to a level 
with those on the terminal joint. 

Total length 9.5 mm. Length of carapace 4.6 mm.; width of same 
4mm.; length of genital segment 2.4 mm.: length of abdomen 2.5 mm. ; 
length of egg strings 15 mm. 

Color dark rufous on the dorsal surface. lighter below. 

(pacificus, of or belonging to the Pacific.) 

Twenty-three females of this species were obtained by Gissler from 
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a salmon (probably the 77 blue-bacek. salmon.” Oncorhynchus mrka) 
inhabiting Puget Sound, on the Pacific coast. 

They were described by him as a new species.“ He called. the 
species a Cu//gus, but that does not seem possible after a careful study 
of his deseription and text figures. 

There are no linules on the frontal plates and the second maxillie 
are bifureated for one-third of their length. both of which are charac- 
teristics of the genus Lepeophtheirus as distinguished from Caligus. 

From correspondence with Gissler it was ascertained that his type 
specimens had been turned over to the American Museum of Natural 
History at New York City. Dr. H. €. Bunipus, the director of the 
museum., very kindly made a careful search for the specimens at the 
authors request, but they could not be found. The species will have 
to stand, therefore, upon the original figures and description given by 
Gissler. Fortunately, these were carefully made and give us definite 
data to work upon. Nearly everything in the present account und 
the figures which are herewith presented were taken from Gissler. 
The species can be readily distinguished by the four-jointed abdomen; 
no other species in this venus has more than two joints in the abdo- 
men. However, Gissler states that the segmentation is indistinct in 
fresh material, and only becomes distinct on being treated with acetic 
acid, 

There may be a suggestion in this that some species, like salmonis, 
just described, in which the abdomen bas been hitherto regarded as 
unseemented, would show a distinct segmentation if treated in the 
same way with acetic acid. 

The species bears some resemblance to salmonis, hut the size and 
shape of the genital segment are entirely different, as are the details of 
every one of the appendages given by Gissler, particularly the second 
antenne and the fourth legs. 


LEPEOPHTHEIRUS COSSYPHI Kroyer. 
Plate XXV, figs. 311-313. 


Lepeophtheirus cossyphi (ROYER, 1863, p. 115, pl. vir, fig. 6, a-e.—BasskETT-SWMITH, 
1899, p. 454. 

Female —Carapace longer than the rest of the body (as 7 to 4). 
nearly as wide as long, narrowed anteriorly. Frontal plates medium 
size, not well defined, without any emargination at the center. Free 
segment very narrow and short, considerably less than one-fourth as 
wide as the genital segment. 

Genital segment half as lone as the carapace. a little wider than long. 
of a broad acorn shape, squarely truncated posteriorly. The corners 
are well rounded, and. to-them are attached the long and slender fifth 


a American Naturalist, August, 1883, p. 885. 
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legs. These are conical and three-jointed, with a seta at the end of the 
first and second joints. 

The abdomen is rudimentary, only one-eighth the length of the genital 
segment, and looking like a knob on its posterior border. 

Anal laminæ proportionally large, longer than the abdomen, as wide 
with stout sete three or four times the length of the lamina. 
Egg strings not present. 

Joints of the first antennze of abont the same leneth and slender; 


as long, 


second antenne of medium size and the usual shape. 

First maxilke small and placed close to the second antennis, the base 
swollen more than usual, so that they appear two-jointed. 

Proboscis small and plump, of the same length and width, and 
squarely rounded at the end. Second maxillie the same length as the 
proboscis, tolerably stout; the branches pointed and weakly curved. 
Eyes small and eircular. 

First maxillipeds of the usual form; second. pair not as large as 
usual, and Jacking the accessory spine on the terminal claw. 

Furen small, the base squarely traneate, almost rectangular: the 
foramen tolerably large and of about the same leneth and width. 
Branches not as long as the base, simple, divergent, and pointed, the 
sinus between them triangular, with the sides almost meeting ante- 
riorly. Rami of the third legs close together, hut pointing straight 
backward. | Fourth legs elongate, four-jointed, the basal joint as lone 
as the three terminal ones. 

There are five spines, of wnich those on the second und third joints 
are equal and of medium size, while of the three terminal spines the 
middle one is more than twice the length of the other two. 

Total length 3.35 mm. Length of carapace 2.1 mm.: width of same 
1.5 mm.; length of genital segment 1.1 nun.; length of abdomen 
0.125 mm. 

Color not given. 

(cossyph?, the generice name of its host.) 

Kréyer bases this new species upon a single female taken from the 
gills of the Spanish ladyfish or hogfish, Murpe rufu, in the West 
Indies. But although thus eontined to a single specimen, the species 
presents well-defined characters which serve to distinguish it from all 
others. 

The first of these characters is the relative proportion of the various 
body regions. The carapace and genital segment are noticeably large, 
while the fiee segment and the abdomen are equally small. The gen- 
ital segment is also of a peeuliar shape, and the fifth legs are unnsually 
prominent. 

But the crowning mark of distinction, if we may believe. Króyer's 
statement, is the fact that these fifth lees are indistinctly three-Jointed. 
In no other known species of Culigus or Lepeophtheirus is there any 
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indication of jointing in these appendages. We thus have here a 
form in which the fifth legs are less rudimentary than usual, and one 
which leaves no possible doubt as to their morphological significance. 


LEPEOPHTHEIRUS ROBUSTUS Kroyer. 
Plate XXV, figs, 314, 315. 


Lepeophtheirus robustus Kroyer, 1863, p. 135, pl. vi, fig. 6 a-e.— BassETT-SMITH, 
1899, p. 456, 

Malo; — Carapace longer than the rest of the body, the proportion 
about 5 to 2 and strongly arched. Frontal plates weakly developed 
and not very distinet. Free segment quadrangular in form with 
rounded corners, a little contracted anteriorly. 

Genital segment about one-fourth as long as the carapace, and of 
the same width and length. On either side anteriorly there is a fold 
of skin which fills up the space between this segment. and the one in 
front of it. The posterior corners are squarely rounded and the fifth 
legs appear as stout pointed knobs armed with three or four long sete. 

The abdomen is half as long as the genital segment and of about the 
same width and length. The anal lumine are one-fourth as long as 
the abdomen and a little wider than long. They are armed with sete 
which are at least four times as long as they are themselves, and with 
tufts of hair on either side at the base of the sete. 

The first antenne are short, with the basal joint somewhat plump 
and longer than the second joint. In the second antenne the terminal 
claw is particularly long and sharp. 

The first maxille are quite stont, while the second are larger still, 
and are deeply cleft at the tip into two acuminate branches. The 
proboscis is plump, not quite twice as long as wide. The first. imaxilli- 
peds are weak, the inner terminal claw fully twice as long as the outer. 
The seeond pair are proportionally larger but with a short terminal 
claw. 

Furca small and somewhat difficult to see; base longer than the 
branches, squarely truncated. anteriorly, with a slender frame and a 
large. half-moon-shaped foramen. The branches are short and plump 
and cleft at the ends; the secondary branches are very short, the outer 
one much wider than the inner, and turned outward, while the inner 
one points straight backward. 

First swimming legs short and stout, the second joint plump and 
egg-shaped, with a spine and a rounded protuberance on its anterior 
border. Second swimming legs characterized by their stoutness: 
rami of the third legs small and close together. Fonrth legs small but 
stout, four-jointed, with the basal joint as long as the other three; the 
latter decrease regularly in size in the proportion of +, 3, and 27. 
There are only four spines, the second joint ending in an enlarged and 
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papillated prominence instead of a spine. Of the three terminal 
spines the outer, whieh is the smallest. has a peculiar knife-blade shape. 

Total length 7.875 mm. Length of the carapace 5.5 mn; width of 
the same 4.3 mm.; length of genital segment 1.45 mm.; length of 
abdomen 0.75 mm. 

Color not given. 

(robustus, stout, strong.) 

This species was founded by Kréyer on two male specimens obtained 
from a species of Raja otf the Greenland coast. It is not as well 
detined as the preceding species, but seems fairly well characterized 
by the skin protuberances on the genital segment and by the 
bipartite furca. 


Genus ANURETES Heller. 


Carapace large and shield-shaped, as in the preceding genera. 
Frontal plates well defined, without sucking disks. Second maxille 
small, simple, and straight. Second maxillipeds large and very power- 
ful. First and fourth thoracie legs uniramose. second and third bira- 
mose, the rudiments of the fifth pair large and prominent. Genital 
segment large, well rounded, emarginate posteriorly. Free thorax 
segment small and without dorsal plates. Abdomen entirely lacking, 
the anal lamine only left, attached to the ventral surface of the genital 
segment, Bgg strings as in Cufzgus. 

CAnnuretes, av privitive, ova, tail.) 


KEY TO THE SPECIES. 


Genital segment semilunar, deeply cut posteriorly; fourth legs small, three-jointed, 


romgsmmesrclosextowe UCI abl Pace heckelii, p. 647. 
Genital segment almost cireular, with shallow, triangular posterior depression; fourth 
legs long, first spine removed some distance from the others...-.2.2.--- perplexus. 


ANURETES HECKELII Kröyer. 


Plate XXV, figs. 316-321. 
Lepeophtheirus heckelii KrÖYER, 1863, p. 110, pl. vn, figs. 4, a-h. 
Amuretes heckelii FELLER, 1865, p. 186.— BasseTT-SMrmi, 1899, p. 457. 

Female.—Carapace somewhat longer than the rest of the body, about 
as wide as long. Frontal plates distinct, but narrow and only slightly 
emarginate at the center. Posterior sinuses broad and shallow: median 
lobe about half the entire width, projecting scarcely at all beyond the 
lateral lobes. 

Free segment narrow and proportionally long with almost parallel 
sides. Genital segment two-thirds as long as the carapace and three- 
fourths as wide, its sides strongly curved and projecting backward at 
the corners as a pair of stout papille, representing the fifth legs. 
Between these papille the posterior border of the genital segment is 
slightly convex, but the projecting papillie give this border a deeply 
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emarginate appearance, Abdomen entirely lacking. 


or only appear- 
ing in the faintest traces on the ventral surface of the genital segiuent. 
Anal lamime as in other genera, not at all degenerate, but attached to 
the ventral surface of the genital segment owing to the absence of the 
abdomen. Their exact position varies considerably in different speci- 
mens, but they are usually attached some little distanee in front of the 
posterior border. For this reason they are wholly. or limost wholly, 
concealed in dorsal view, only their tips or the sete: attached to them 
appearing beyond the edge of the genital segment. 

First antenne small and plump, the joints about even and armed as 
in other genera; second pair with a large terminal claw bent at a 
sharper angle than usnal. 

First maxille rather large and plump, not much swollenat the base; 
second pair little more thin half as long as the mouth tube. separated 
from it quite a distance on either side, simple and pointed, with a 
greatly enlarged base. 

Mouth tube large, twice as long as wide, and well rounded at the 
eud. Eyes small, situated posterior to the base of the mouth tube, the 
lenses separated by about twice their own diameter. First maxillipeds 
with a blunt lobe on the middle of the inner margin of the terminal 
joint. Second pair very large and strong, the basal segment much 
swollen but without knobs or spines, the terminal claw stout, bent 
abruptly, and withont any accessory spine on the inner border. 

Furea small, plump, the basal part slightly longer than the branches, 
with a membranous frame and large oyal foramen. 

The branches are simple, parallel and club-shaped, with obtuse ends; 
the stuns between them is long and very narrow. 

There is no spine at the distal corner of the terminal joint of the 
first thoracic legs, but only the three terminal claws, the longest of 
which is about the leneth of the joint. 

Second swimming legs as in Culzgus. Third pair different from the 
genera already described; the basal lamin are kwger and the rami 
are not attached to their posterior border or at the posterior corners, 
but high up on the lateral borders and close together so that they par- 
tially overlap. 

Furthermore the endopod consists of but a single segment, armed 
with three strongly curved bristles which hardly deserve the name of 
phunose sete. The exopod is two-jointed and but scantily armed. 
The fourth legs are small but comparatively strong, three-jointed, the 
basal joint as long as the other two. There is a spineat the end of the 
second joint and three on the terminal joint, all so close together as to 
form a single bunch or cluster. 

The fifth legs appear as a pair of very stout and long papille pro- 
jecting from the posterior corners of the genital segment, each ending 
in à single stout spine, 
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Total length 2,5 mm. Length of carapace 1.53 mm.; width of same 
1.6 mm.; length of genital segment | mm. Egg strings wanting. 

Color not given. 

(heckelii, to Prof. Ernst 1Héckel.) 

This species was founded by Króver upon three specimens, all 
females, two of which he obtained from the Vienna Museum while 
the third came from Biloxi, near New Orleans, on the shore of the Gult 
of Mexico. The two Vienna specimens were said to have been found 
by Héckel on the gills of an EpAppus yigas from the Brazilian coast. 
They had been labeled by Kollar Caligus heckelii and Kroyer retained 
the specific name of the label but changed the genus. The North 
American specimen was found on the gills of the same tish (the angel- 
fish or spadetish., CAzetodépferus faber, Broussonet). 

This is the only representative of the genus found in North Ameri- 
can waters and may be recognized by the entire absence of the 
abdomen. 

NONAMERICAN SPECIES. 


The collection of the National Museum includes specimens of the 
following species, which have not thus far been found in North Amer- 
ican waters. Three of the species are new to science and one of them 
is made the type of a new genus. 


CALIGUS TERES, new species. 
Plate XX VI. 


Female. —Carapace one-fourth longer than the rest of the body, 
about the same length and width, and very strongly ovate in shape, 
the posterior portion being more than twice as wide as the frontal 
plates. The latter are well differentiated, with large, almost circular 
lunules which project strongly in front of the antenne. The posterior 
sinuses are wide and comparatively deep, leaving a median lobe about 
half the eatire width and projecting considerably behind the lateral 
lobes. The sinuses are slightly inclined away from the mid line, and 
the posterior margin of the median lobe is a little concave. 

The lateral lobes are broad and well rounded, their thoracie portion 
being very prominent and projecting considerably behind the rest of 
the lobes. Thoracie area large and well rounded, embracing half the 
length and fully two-thirds the width of the carapace. The crossbar 
and the lower portion of the sides of the ** IT" make a nearly perfect 
semicircle. 

The free thorax segment is almost half as long as the genital seg- 
ment, and is strongly narrowed infront of the bases of the fourth legs, 
leaving the sides concave. 

The genital segment has a broad, barrel shape, with evenly rounded 
sides; it is two-fifths the length of the carapace, as wide as it is long, 
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with an emarginate posterior border and short, well-rounded lobes. 
The abdomen is three-fifths the length of the genital segment, and like 
the latter has a broad. barrel shape, abruptly narrowed into a neck, 
where it joins the genital segment. 

The anal Inmine are large and foliaceous, separated more than their 
own diameter, and armed with large and stont setze. 

The egg tubes are about half as long as the body; each has a diameter 
a little more than half that of the abdomen and contains 60 eggs. 
The anterior antenne are of medium size and very heavily armed with 
seti and spines; the posterior pair have a stont basal joint and a long. 
slender terminal hook. The accessory spines situated just posterior to 
the base of these antennie ire small and weak. 

The first maxilke are of medium size, slightly curved, and consider- 
ably enlarged at the base; the second pair are large and stout, as long 
as the proboscis, and abruptly curved near the base., 

The terminal portion is nearly straight and ends in a rather blunt 
point. The terminal joint of the first maxillipeds is much longer than 
the basal and is tipped with two long and curved claws, the inner of 
which is longer than the outer. and has a serrate lamina along its 
anterior and posterior margins. ‘There is also a stout curved spine 
upon the anterior margin of this terminal joint near its distal end. 

The second maxillipeds are large and stout, the terminal claw about 
half the length of the swollen basal joint, with a long accessory spine 
upon its inner margin close to the tip. 

The inner margin of the basal joint is also raised into a slight 
protuberance just opposite the point of the claw. 

The furea is narrow, the base as long as the branches and slightly 
swollen; the branches are straight. almost parallel, and acute. The 
three terminal claws on the first swimming leg are long and strongly 
curved, decreasing in size from the anterior to the posterior. There 
is no seta at the distal corner, but the three plumose setw on the 
posterior margin are of the usual size. The second legs are noticeable 
chiefly for the spines on the exopod and the curious shape of its ter- 
minal joint. There are but two spines, one on the basal joint and one 
on the second joints the former is about three times the length of the 
latter, and stretches across the second joint and projects beyond its 
inner border nearly a third of its length. The terminal joint of this 
exopod is shaped like the quadrant of an ellipse, the half of the 
shorter diameter joining the second joint. while the half of the longer 
diameter forms the anterior border. The phunose sete are arranged 
in a row around the curved posterior margin. 

The rami of the third legs are well separated: the exopod hasa stout 
basal joint with a medium-sized claw, and a considerably smaller ter- 
minal joint, both joints being appressed closely to the margin of the 
apron. The fourth legs are long and slender, three-jointed with five 
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spines, of which three are terminal. The outer of these terminal three 
is rudimentary and so small as to be easily overlooked. The tips of the 
legs slightly overlap the abdomen, the basal joints, which are the same 
size throughout, being about as long as the two terminal joints. On 
the outer margin of the basal joint near the distal end is a short plumose 
seta; there is a large spine at the distal end of the second joint, and one 
on the outer margin of the terminal joint at about its center. At the 
bases of this last spine and also of each of the three terminal spines 
there is on the ventral surface a small lamina whose edge is eut into 
very long and acuminate teeth. The fifth legs are so small as to he 
wholly invisible dorsally and they can be seen on the ventral surface 
only with difficulty. 

Total length 4.75 mm. Length of carapace 2.6 mm.; width of 
sume 2.75 mm.; length of genital segment 1 mm.: length of abdo- 
men 0.7 mm.; length of egg strings 2.2 mm. Sixty eges in each. 

Male.—Carapace three-fifths of the entire length, and. proportion- 
ally narrower posteriorly than in the female, but wider anteriorly. 

Frontal plates wider and more prominent, and the lunules larger. 
The eves appear a little farther back in the carapace, owing to the 
width of these frontal plates. 

Thoracic area as large as in the female and rounded similarly. The 
elands in this area which show as dark masses through the dorsal 
inteenment are of peculiar shape and very similar in the two sexes. 
Each consists of a large ovate posterior portion and a smaller elliptical 
or spherical anterior portion, the two being connected by a narrow 
neck. On the inner side both portions of these ghinds are flattened 
against the intestine and present a nearly straight line for their entire 
length. 

The free segment is longer and wider than in the female, and is 
similarly constricted in front of the fourth legs. It is fully as wide as 
the genital segment and overlaps the anterior end of the latter on 
either side by the width of the basal joint of the fourth legs. 

The genital segment is oblong, narrowed considerably anteriorly 
where it joins the free segment, and has a convex posterior margin. 
On either side near the posterior end is a broad and blunt triangular 
spine, on the ventral side of which may be found the fifth lees. 

The abdomen is about two-thirds the width and seven-eighths the 
length of the genital segment, two-jointed, the basal joint considerably 
the smaller, with a strongly convex posterior margin. 

The abdomen widens a little posteriorly and the anal lamine are set 
into the sides as much as the end of the terminal joint. They are very 
large und foliaceous, but the plumose setæ upon them are not much 
larger than those of the female. 

The appendages are very similar to those of the female, the chief 
differences being in the enlarged and branched second antenne, the 
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enlarged second maxillipeds, and the fourth legs. The latter have the 
same detail as in the female, but reach well beyond the posterior margin 
of the basal abdominal joint. 

Total length 3.7 mm. Length of carapace 2.2 mm.; width of same 2 
mm. ; length of genital segment 0. 7 mm.; length of abdomen 0.54 mm. 

Color. a dark-brownish yellow, without pigment spots. 

(eres, smooth, well rounded.) 

The National Museum collection includes two lots of this species, one 
of twenty-five females and two males taken from a Ca/lorhyuchus, and 
the other of about the same number taken froma ray, both at Lota, 
Chile. The ray and the chimera were in the same tub of fish, so that 
it is very possible the parasites may have crawled from one to the other. 
This is a very elean-looking species, and the roundness of its outlines 
gives it both grace and symmetry. It may be easily distinguished 
from other species by the rounded barrel shape of the genital segment 
and abdomen, and by the concave sides of the free segment. This 
preliminary diagnosis may then he verified by the presence of toothed 
lamin at the bases of the spines on the fourth legs. 

In 1849 one Claudius Gay published what he styled Historia fisica 
y politica de Chile, which was issued at Madrid and contained, among 
other things, a review of the animal and plant life of the country. The 
author has been unable to find a copy of the text of this work, but in 
the volume of plates there is a figure” of à parasitie copepod which is 
designated Ciligus gayi This was found upon an undetermined tish 
and resembles the present species in many particulars, but there is still 
enough difference, particularly in the coloration, to render it certain 
that the two are distinct species. 


CALIGUS CENTRODONTI Baird. 
Platten wae 


Caligus centrodonti Bairb, 1850, p. 272, pl. xxxn, figs. 6 and 7.—Bassert- 
Sarmi, 1599, p. 447. 


Female. —Carapace considerably more than twice the length of the 
rest of the body, and quite strongly narrowed anteriorly. Frontal 
plates large and distinct, with a deep central incision; lunules large, 
cireular in outline, and not projecting much beyond the anterior mar- 
gin. Posterior sinuses of medium depth, nearly parallel, and well 
rounded; median lobe a little more than half the entire width, and 
squarely truncate or slightly emarginate posteriorly. Thoracic area 
large and very well defined but with indistinct digestive glands. 

Eyes situated far forward and entirely separated from each other 
but very close together, the axes slightly inclined toward each other 
anteriorly. 


u Plate tii no T2 


no, HOL PARASITIC COPEPODS—CALIGID.E—-WILSON. 653 


Free segment short and narrow, overlapped by the carapace ante- 
riorly and by the genital segment posteriorly. From either side of 
this segment there projects over the base of the fourth leg a narrow, 
blunt plate or spine, about half as long as the basal joint of the leg. 
This overlying plate, together with the small size of the fourth legs. 
renders the latter invisible in dorsal view. 

Genital segment transversely semilunar in shape, one-third wider 
than long, the sides well rounded, the posterior angles prolonged 
backward as stout blunt lobes. The posterior margin between these 
lobes is deeply concave, being fully one-third of the entire length. 
The fifth legs are not visible dorsally, but may be distinctly seen upon 
the ventral surface of the posterior lobes. The abdomen is so small 
as to be at least partially rudimentary. It is less than one-fourth the 
width of the genital segment and does not quite reach the level of the 
tips of the posterior lobes of the genital segment. — In shape it is 
ovate, the base being contracted strongly and joining the genital seg- 
ment on its ventral surface, a little anterior to its posterior margin. 
The genital segment thus overlaps and. partially conceals the base of 
the abdomen. 

The anal lamin are proportionally of good size, but armed with 
small sete. Egg eases about two-thirds as long as the body, and eon- 
siderably wider than the abdomen, each containing thirty-five to forty 
eggs. 

Of the appendages the anterior antennæ are short, the two joints 
about the same length and not very heavily armed with setæ and spines. 
Second antennæ small and without any accessory spine at the base of 
the proximal joint. 

First maxillæ large and well curved, but with very little swelling at 
the base. Second pair simple, with a wide triangular base and a short 
blunt tip; they are attached opposite the base of the mouth tube and 
extend slightly beyond its tip. 

The mouth tube is short and evenly rounded, nearly as wide as it is 
long. First maxillipeds of the usual form; second pair very small and 
weak, hardly larger than the first pair; the terminal claw is a little 
more than half the length, and considerably less than half the width, 
of the basal joint. 

The tiny aceessory spine is wttaehed close to the distal end of the 
claw on the inner margin. 

The first swimming legs are smaller than usual, with only one of the 
three terminal elaws at all developed, the other two being rudimentary. 
The plumose setæ on the posterior border of the terminal joint, how- 
ever, are full size. 

The exopod of the second legs has but two spines; the one on the 
first joint is large and stout, but the one on the second joint is rudi- 
mentary. The rami of the third legs are large and well separated, 
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but the exopod is turned sidewise and appressed so close to the margin 
of the basal apron that the latter overlaps it somewhat. This brings 
the tip of the exopod over onto the endopod, so that the two appear 
close together. The fourth lees are small and weak, three-jointed with 
four spines: the first and third joints are about the same length, the 
second joint is only one-third as long. 

The spineat the tip of the second joint is long. slender, and perfectly 
straight; of the three at the tip of the third joint the inner one is very 
short and rudimentary; the outer one is about the same length as that 
on the second joint. and like it slender and straight. The middle claw 
is much larger, nearly as long as the joint itself and strongly curved. 

Fifth legs as alveady stated. 

Total length 4mm. Length of carapace 2.7 mm.: width of the same 
2.5 mm.; length of genital segment 1 mm.; length of abdomen 0.4 
mm.; length of egg strings 3.5 mm. 

Color a light vellowish brown without pigment spots. 

(centrodont/, the specific name of its host.) 

AMele.— Carapace as in the female, but proportionally much larger 
(as T to 2); not narrowed as much anteriorly. Frontal plate larger 
and wider and lunules larger. The median posterior lobe is not quite 
as large proportionally and is slightly rounded along the posterior 
margin instead of being emarginate. 

Free segment short and almost concealed beneath the carapace and 
the genital segment. It is proportionally much wider than in the 
female, and from tip to tip of the lateral plates is five-sevenths as wide 
as the genital segment. 

The latter is narrower than in the female, but is of the same shape. 
The tifth legs show plainly at the tips of the posterior lobes. Abdomen 
relatively larger than in the female, with anal lamine almost as large 
as itself. The abdomen proper does not reach to the tips of the pos- 
terior lobes of the genital segment, but the anal lamine project well 
beyond them (fig. 344). 

Of the appendages there is no inerease in the size of the second 
untenn:z, as is usual, but there is enough increase in the second maxil- 
lipeds to more than compensate for this. Instead of the weak and 
puny appendages found in the female, the male carries a pair of enor- 
mous second maxillipeds. 

The basal joint is swollen until it is fully as wide as long, and is 
armed on the inner margin with two large protuberances or papillie, 
into the sinus between which the tip of the terminal claw fits snugly. 
This basal joint is supplied with very powerful muscles, particularly 
the one which closes the terminal claw. The latter is three-quarters 
as long as the basal joint and stout. 

The first maxillis are also very much enlarged, and are bent into a 
sickle shape, with a slightly enlarged base. 
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Total length 3.5 mm. Length of carapace 2.5 mm.; width of same 
2.3 mm.; length of genital segment 0.9 mm.; leneth of abdomen 
0.25 mun. 

The collection of the National Museum contains one lot of this 
interesting species sent from England by Rev. À. M. Norman. Ht is 
numbered 8105, and was obtained from the gill cavity of Pugellus 
centrodontus. The species was originally discovered. by Baird and 
described by him in 1850, and no further description has ever been 
given. Indeed, so far as known, it was not even noted by any other 
author until Bassett-Smith in 1899, and he simply gives the name. 

The description here given supplements that of Baird in many par- 
ticulars, especially with regard to the appendages. 

Attention should be called to the lateral plates or spines on the sides 
of the free segment which are not mentioned by Baird, but which are 
important as a connecting link between this form and those in the 
following subfamily, the Kuryphorine. The latter are characterized 
by the presence of just such plates in all the species, while the Caliginie, 
which are here discussed, have no such plates or processes. 

In the present species the plates are so small as to be easily over- 
looked, but if the large aprons at the bases of the second legs be re- 
moved and the eopepod be then examined the plates appear pktunly. 
Most of the Euryphorinw are unable to swim abont freely, and with 
thislack of free locomotion there appear the dorsal plates on the thorax, 
or abdomen, or both. 

It is interesting to find that the beginnings of these plates are found 
among forms which still retain the ability, if not the disposition, to 
move about freely. 

Another detail of anatomy is equally interesting, and this also was 
overlooked by Baird. The upper surface of the genital segment pro- 
jects considerably over the base and sides of the abdomen, so that the 
latter is partially concealed in dorsal view. But the posterior margin 
of the genital segment is cnt in à. deep semicircle, which reveals most 
of the dorsal surface of the abdomen. We have here, therefore, the 
initial step in the disappearance of the abdomen; the genital segment 
is deeply incised to receive it, and it is attached on the ventral surface 
so as to be partly concealed. "The second step is found in Lepeoph- 
theirus dssémulatus, where the abdomen is attached as far forward on 
the ventral surface, but the genital segment is no longer incised, and 
consequently almost entirely covers the abdomen. The third and 
last step is the complete disappearance of the abdomen in the genus 
ALnuretes, 
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LEPEOPHTHEIRUS INNOMINATUS, new species. 
Plate NXVIII, figs. 345-352. 


Female. Carapace elliptical, one-eighth longer than wide, equally 
narrowed anteriorly and posteriorly. Frontal plates small, but well 
defined with a deep incision at the center. 

Posterior sinuses shallow, narrow, somewhat enlarged at the base 
and inclined diagonally outward. Of the grooves separating the ear- 
apace areas that which represents the crossbar of the © H“ is only 
two-sevenths of the length of the earapace from its posterior margin. 
Furthermore it is not curved, but is made up of two straight lines 
meeting at the center like the sides of a very flat roof. This leaves a 
thoracic area proportionally smaller than in any known species of 
either Cal/gus or Lepeophtheirus. The longitudinal grooves are 
strongly curved, so as to be practically parallel with the margin of the 
carapace. The eyes are situated well forward and are of good size. 
The median lobe of the carapace projects backward well beyond the 
lateral lobes: it is abruptly narrowed at about the center as if jointed, 
the posterior half being semi-circular and overlapping the free segment 
a little. 

The latter is considerably more than half as wide as the genital 
segment; is quite short and somewhat crescentie in shape. 

The genital segment is fully as large as the carapace. quadrangular 
in outline, with well rounded corners and a squarely truncated posterior 
margin. Anteriorly it narrows into a short neck, where it joins the 
free segment, the neck being considerably narrower than the free 
segment. 

The abdomen is narrow cylindrical, about one-third the width of the 
genital segment, and nearly four times as long as wide. It is two- 
jointed, the basal joint three times the length of the terminal; the latter 
joint is also quite a little narrower than the former, but does not taper 
posteriorly. The anal lamime are of good size and curve in toward 
weh other at their tips; the plumose sete are rather short and slender. 

The egg strings are two-thirds as wide as the abdomen and five- 
eighths the length of the body; the eggs are small, eighty or eighty-five 
of them in each string. 

Of the appendages, the first antenni are about as long as the frontal 
plates, the two joints of the same length, and well supplied with seta 
and spines. The second antenne are long and slender, the most of 
the length being in the terminal claw, which is strongly. bent near the 
tip. The basal joint is short and stont. The two pairs of maxill are 
small and slender, the second pair bifid for only a third of their 
leneth, with the branches parallel and close together. 

The furca is small, the base and branches about the same length, 
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the former slightly enlarged where it joins the ventral surface, the 
latter of a broad U shape, with blunt points. 

The second maxillipeds are enormous, the stout basal joints filling 
the whole central portion of the carapace; the terminal claws are 
nearly as long as the basal joint and are strongly curved near their tip. 
The aceessory spine is small and weak and is attached near the base 
of the claw. 

There are no spines on the tirst lees except on the terminal joint, 
where there are the usual three, and three plumose setie on the poste- 
rior border, The three spines on the exopod joints of the second legs 
wre the same size and all very sharp. 

The rami of the third legs are close together, with a large spine at 
the base of the exopod. The fourth lees are long and stout, three- 
fourths the length of the genital segment. 

The basal joint is nearly as Jong as the other three, exchisive of the 
claws. Of the latter there are five, a tiny, rudimentary one at the 
enlarged tip of the second joint, a somewhat larger one at the tip of 
the third joint, and three terminal ones. 

These last are graded in size from withont inward. The outer one 
is no larger than that on the second joint, the second one is three 
times as large, while the inner one is twice the size of the second and 
is toothed along its outer border. 

The fifth legs are invisible dorsally, but are plainly discernible on 
the ventral surface. 

Total length 9.2 mm. Length of carapace 2.8 mm.; width of same 
2.5 mm.; length of genital segment 2.8 mni. ; length of abdomen 3.2 
mm.: length of egg strings 6 mm. Eighty to eighty-five eges in each. 

Color a dark steel gray. changing but little in alcohol. 

(innominatus, without a name, the one given to it being preoccupied.) 

The National Museum collection has a single lot of this species, 
numbered S028, and including three females taken from a salmon at 
Cornwall, England, by the Rev. A. M. Norman. 

These are labeled by Mr. Norman Lepeophtheirus gracilis, but that 
name can not stand, for several reasons. In the first place, P. J. van 
Beneden described, in 1351, a species which he called Culigus gracilis, 
but which was really a Lepeophtheirus. If any species of the genus 
were to preserve the name gracilis, it would of necessity be this one. 
But even a casual glance at Beneden’s figure will suftice to show that 
he was really describing something very different from the present 
species. 

Again. Beneden’s species has been shown by various authors to be 
the same as Z. thompsoni Baird, and hence must be included under the 
synonyms of that species. Therefore it could not stand for the 
present species, an entirely ditferent form. 
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For these reasons we have considered it necessary to change Nor- 
man’s label, whieh has never been published, and leave Z. gracilis in 
its old place as a synonym of Z. thompsoni. 

Under the latter species will be found (see p. 622) a full discussion 
of these troublesome synonyms. It will suflice here to state that the 
present species can be distinguished at once from Z. thompsoni, with 
which it is most likely to be confused, by the equality in size between 
the carapace and genital segment, by the comparative length of the 
abdomen (considerably longer than either carapace or genital ség- 
ment). and by the large size of the second maxillipeds. In the present 
species, also, the basal joint of the fourth leg reaches well beyond the 
margins of both carapace and genital segment, while in 7Aoiupson? the 
entire leg, if straightened out, would not reach the margin of the cara- 
pace, and the basal joint falls fur short of reaching the margin of the 
genital segment. Finally, the present species was found on a very 
ditferent host. 


LEPEOPHTHEIRUS CHILENSIS, new species. 
Plate X XVIII, figs. 353-364. 


Femate.—Carapace orbieular, as wide as long, the frontal margin 
strongly curved and deeply incised at the center. 

Posterior sinuses shallow and widely triangular; median lobe about 
one-half the width of the carapace, and not projecting much behind 
the lateral lobes. Transverse groove separating the cephalic from the 
thoracic areas almost exactly in the center of the carapace; lateral 
grooves nearly straight. 

Free thoracic segment short and less than half the width of the 
genital segment; very prominently widened at the center through the 
base of the fourth leg. Genital segment half the width of the eara- 
pace, one-fourth wider than long, with strongly curved lateral mar- 
eins and somewhat reentrant posterior margin. 

Abdomen half as long as the genital segment and one-fifth as wide, 
distinetly two-jointed, the joints about equal. 

Anal lamin small and widely separated, curved in slightly toward 
each other and armed with small and short sete. 

The anterior antenne are large, three-fourths as long as the frontal 
plates with the terminal joint shorter and much narrower than the 
basal. Both joints are heavily armed with sete, those on the terminal 
joint being gathered at the tip. 

The posterior antenne are large, the basal joint swollen and with a 
good-sized spine on its ventral surface. The terminal claw of these 
appendages is strongly bent in a horizontal direction at the base, and 
again in the usual vertieal direction at the tip. The first maxilla are 
close to the tip of these antennæ, are of medium size, and nearly 
straight. 
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The second maxilke are of about the same size as the furca and are 
cut beyond their center with divergent branches, of which the inner 
one is the larger and curved the more. 

The first maxillipeds are of the usual form; the second pair are 
rather small, the basal joint more than twice the length of the terminal 
cliw; the latter is weak and not much curved. 

The furca is of medium size and cut beyond the center, making the 
branches longer than the base. The former are conical and widely 
divergent; the latter is swollen on etther side at the center, 
spindle shape. 

The first swiniming legs have a stout spine upon the outer and another 
upon the posterior margin of the basal joint. The terminal spines are 
nearly equal and not pectinate, while the plumose sete are rather 
short. The second legs have large spines upon the outer margin of 
the exopod; the rami of the third legs are well separated and longer 
than in most species. l 

The fourth lees are large and stout, their tips reaching back beyond 
the genital segment. They are four-jointed, the basal joint only half 
as long as the other three, including the spines. This basal joint has 
a stout spine on its outer horder at a little distance from the distal end. 
The third joint is longer than the second and fourth and ends in a 
short spine. There is no spine on the second joint. The terminal 
spines are strongly curved and vary much in length, the inner one 
heing nearly three times the length of the outer. 

The fifth legs are large and prominent and project bevond the pos- 
terior margin. 

In young females the free segment and genital segment and abdomen 
are each of neatly the same size, the fourth segment being the widest 
and the others narrowing slightly in order. The tifth legs project as 
very large papillie from the posterior margin of the genital segment 
and are much more prominent than even in the adult małe. There is 
no trace of segmentation in the abdomen, but this region is almost 
exactly like that in the adult male. 

Total length 5.3 mm. Length of carapace 3.2 mm.; width of same 
3.1 mm.; length of genital segment 1.2 mm.; length of abdomen 
0.55 mm.; length of ege strings 3.3 mm. 

Color a dull yellow with a slight tinge of brown, with no pigment 
spots visible in preserved specimens. 

(chilensis, of or belonging to Chile.) 

Male.—Carapace twice the length and more than four times the 
width of the rest of the body, its own length and width being about 
the same. Posterior sinuses the same as in the female, but the tho- 
racic area is relatively smaller aud the digestive glands are larger. 
The free segment is as wide as the genital segment, one-fifth the width 
of the carapace, and relatively longer than in the female. The fourth 
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legs are attached to its posterior lateral margins, which are much 
widened through their bases. The genital segment is oblong, with 
well-rounded anterior comers where it is contracted into a neck on 
joining the free segment. It carries two pairs of papilla, one at the 
posterior corners and the other on the lateral margins just in front of 
those corners. 

The abdomen is small, only half the length of the genital segment, 
as wide as long, with no trace of segmentation. The anal lamin are 
much larger than in the female and their seta are very mueh longer 
and stouter. 

The second. antenne are enlarged as usual in this sex into elasping 
organs, but the hranches are reduced to mere knobs. The rami of the 
third legs are expecially proniinent and protrude a long distance from 
the margin of the basal apron. 

The fourth legs are relatively much larger than in the female: the 
basal joints alone reach more than three-quarters of the length of the 
genital segment, while the tips extend well beyond the ends of the 
anal laminæ. 

Total length 3.8 mm; length of earapace 2.2 mm.; width of same 
2.2 mn; length of genital segment 0.58 mm.; length of abdomen 
0.5 mm. 

Color somewhat darker than in the female. 

The National Museum collection ineludes three lots of this new 
species, all of which were obtained at Lota, Chile, during the voyage 
of the United States Bureau of Fisheries steamer //Patross in 1881-85. 

The first two lots are numbered 1502 and 1503, while the third lot 
is unnumbered. No host is given for the first lot; the second, 1503, 
was taken from a ray, while the third was taken from a species of 
Sehastes. This third lot includes twenty-five females and two males, 
which are excellently preserved. 

The species resembles parviventris at first sight, but is considerably 
smaller and the proportions of the various body regions are markedly 
ditlerent. This is seen especially in the general shape of the carapace 
and genital segment and in the relative size of the two. 

The abdomen, also, in this species is relatively longer and is made 
up of two segments, while in parrderntrés it is shorter and undivided, 
The egy strings in pezzéeentrzs are as long as the entire body, while 
here they wre only three-fifths as long. In. parriventris the furea has 
a broad U shape, the branches widely separate and parallel: here the 
furea is much smaller, V shaped, with the branches starting close 
together and diverging rapidly. In this species, also, the second 
maxillipeds are small and weak, while the fourth legs are very large 
and strong; in pareceentris exactly the opposite is true. 
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Genus HOMOIOTES, new genus. 


Carapace large and shield-shaped. Frontal plates without lunules. 
Mandibles with sharp sawteeth along the inner margins only. Second 
maxilke small and divided as in LepeopAtheéras. First and fourth 
swimming legs uniramose, second and third biramose. Genital seg- 
ment covered by a pair of dorsal plates which finally fuse into one. 
In the female this plate often grows forward and covers the free seg- 
ment as well as the genital segment, overlapping the bases of the 
fourth legs. It extends backward to the center of the abdomen and 
on either side of the latter sends out a well-rounded, flattened lobe, 
terminating in a stout blunt spine which reaches even beyond the tips 
of the anal laminw. In the male the plate covers only the genital 
segment and does not quite reach the base of the abdomen. In this 
latter sex a pair of fifth and a pair of sixth legs are plainly visible on 
the genital segment, the former very well differentiated. 

Abdomen uusegmented, without plates or processes; anal lamina 
small, flattened and armed with plumose sete. 

(Homoiotes, oou rijs, likeness or similarity.) 


HOMOIOTES PALLIATA, new species. 
Plate XG: 


Female.—Carapace orbicular, as long as wide, much narrowed 
anteriorly and posteriorly. Frontal plates well defined but narrow, 
completely separated by a central incision, within which can be seen 
the remainsof a frontal filament, Posterior sinuses narrow, of medium 
depth, and inclined outward, leaving a median lobe fully half the entire 
width and rather flatly rounded posteriorly. The lateral lobes are 
narrow, sharply rounded, and curved strongly inward. Thoracic urea 
rather small, the groove which separates it from the cephalic area 
being made up of two straight lines inclined toward each other like 
the sides of a roof. The digestive glands in the center of the area 
show plainly and are semicircular in shape. 

The free segment, seen from the ventral sürface, is about half the 
width of the genital segment and less than a third as long. In the 
adult its dorsal surface is entirely covered by a mantle or lamina which 
overlaps the bases of the fourth legs on either side and extends back 
the entire length of the genital segment and half the length of the 
abdomen. 

This lamina belongs really to the genital segment and grows forward 
over the free segment as can be seen in all young females, all males, 
and in several of. the adult females, where the free segment is without 
any covering. It starts as à pair of small plates, one on either side at 
the base of the genital segment. "These grow inward toward each 
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other, backward. and in the adult females usually forward, until they 
finally fuse into a single plate or kamina. 

The genital segment, seen from below, is about half the width of the 
rapace, and is ovate in shape, narrowing rapidly toward the poste- 
rior end. The sides are very evenly rounded and the dorsal lamina 
which covers the entire npper surface projects considerably beyond the 
lateral margins, and extends backward on either side of the abdomen 
ina broad, tlattened lobe. These lobes are about one-third the width 
of the lamina at the point where they arise and each is tipped with a 
stont spine. The sinus between them is deep and almost a perfect 
seniietrele in outline, leaving exposed the terminal half of the abdomen. 
This latter is small, only one-fourth the length of the genital segment, 
and composed of a single joint. Its base is concealed beneath the pos- 
terior edge of the dorsal lamina, which covers both the free and geni- 
tal sevments, and it tapers strongly posteriorly. Itis tipped with a 
pair of small and narrow anal lamine, which are well separated and 
armed with short sete. The egg strings are a trifle wider than the 
abdomen and about as long as the carapace; each contains from seventy 
to eighty eges. 

Of the appendages the first antenne are large, more than half the 
length of the frontal plates; the two joints are the same length. the 
terminal one being narrow and elub-shaped. 

The second pair are of medium size; the basal joint is not much 
swollen and is furnished on its dorsal surface, at the inner corner of 
the distal margin, with a circular plate covered with short and stiff 
bristles. The terminal claw stands at right angles to the basal joint 
and is sharply bent near its tip. 

The first maxille are small, slender, and strongly curved: the second 
pair are also small and are cut beyond the center, the inner branch 
being considerably smaller than the outer one. The mandibles are 
strongly curved at the tip, with about a dozen large serrate teeth along 
the inner margin of the curve, The first maxillipeds have a small chitin 
lamina inserted in the inner margin of the terminal joint near its een- 
ter. They terminate in three claws instead of the usual two; the 
inner one is considerably longer than the two outer ones, which are 
about the same length. The outer claw has a pectinate edge along its 
outer margin. 

The second maxillipeds are small, the terminal claw not more than 
a third the leneth of the basal joint, with a long and slender accessory 
spine inserted near its base. 

The furea is smail, the base longer than the branches and somewhat 
swollen, with a large rectangular foramen, The branches are short, 
well separated, a little divergent, and blunt at the tips. 

The first swimming lees have a large. plumose seta on the posterior 
margin of the basal joint and a stout spine at its distal corner. There 
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is a slender spine at the anterior distal corner of the second joint and 
the usual armature on the terminal joint, three pluniose setæ on the 
posterior margin, three terminal claws, and a spine at the distal corner. 

The second legs are like those of Caligus and Lepeophtheirus. The 
sumi of the third legs are very close together, but are not at all fused. 
They project well beyond the edge of the basal apron. The exopod is 
three-jointed and the endopod two-jointed. All the spines and seta 
are small except those on the respeetive basal joints. 

The fourth legs are large. The basal joint is stout, but is consider- 
ably less than half the entire length. The three terminal joints are 
about the same length. The second joint ends in a small and strongly 
curved elaw; the third joint is tipped with a longer and straighter 
claw, while the fourth joint ends in the usual three elaws, graded in 
size from withont inwards. 

At the base of each claw is a large lamina tipped with radiating 
bristles, like those in Lepeophtheirus edwardsi. 

Along the outer margin of the two longest terminal claws, and along 
both margins of the outer shortest claw, is a wide serrated fringe or 
lamina, again like that in Z. edwardsi. 

The fifth legs are well defined with long setae, but are wholly con- 
cealed in dorsal view by the dorsal lamina. 

Total length 5.3 mm. Length of carapace 3.5 mm.; width of same 
3.5 mm.; length of lamina covering free and genital segments 2 nim.; 
length of egg strings 3.1 mm. Seventy or eighty eggs in each. 

Color a light cinnamon brown, the pigment uniformly distributed 
and not in spots. 

(palliata, wearing a cloak or mantle.) 

JMale.—Carapace more quadrangular than in the female, distinctly 
wider than long, with the sides somewhat flattened. 

Frontal plates well detined, relatively larger than in the female, 
the joint which separates them from the carapace almost a straight 
line. In this sex also the plates are completely separated by the deep 
median incision, in which can be seen the remains of a frontal filament. 
The posterior sinuses are broadly triangular, leaving a median lobe 
less than half the entire width. The lateral lobes are broad and well 
rounded and they do not eurve in at all at their tips. 

Grooves and thoracic area as in the female, except that the digestive 
glands are very pointed anteriorly and much elongated. 

The free segment is as wide as the genital segment, but is quite short. 
It is constricted anteriorly into a neck, where it joins the carapace, and 
is considerably enlarged through the bases of the fourth legs into a 
spindle shape. 

There is no dorsal plate or lamella, as in the female, but the segment 
is like that in Cu/gus and Lepeophtheirus. 

The genital segment is quadrangular in outline, slightly emarginate 
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posteriorly, with almost straight sides. It is only one-fourth as wide 
as the carapaee, about as wide as long, and carries two pairs of papille- 
one on the lateral margin and the other at the posterior corners, the 
two close together, 

The first pair, on the lateral margins, represent the fifth lees and 
are much better developed than in any species of Ci//qus or Lepioph- 
thetrus thus far observed. On the ventral surface in favorable speci- 
mens this pair of legs may be traced to the very hase of the genital 
segment; and they also show an indistinct segmentation, which is very 
unusnal. 

The second pair represent the sixth legs, and are in the condition 
usually assumed by the fifth pair, except that they show only two 
spines instead of three. 

As in the female, the dorsal surface of this segment is covered with 
a lamina which projects over either lateral margin and covers the 
hases of the fifth legs posteriorly. 

The abdomen is very short, scarcely reaching beyond the tips of the 
fifth-leg papillie, and is wider than it is long, with very large anal 
hunime, armed with long and stont sete. 

The first antennie are large and project well beyond the lateral mar- 
gins of the carapace. The second. pair are also enlarged, as usual in 
this sex, and well branched. 

The second maxillipeds are enlarged rather more than usual, and 
must form powerful prehensile organs, 

The basal laminae, or apron of the third legs, are very large and 
reach back fully to the center of the genital segment. Being plenti- 
fully supplied with powerful muscles, they form a swimming ergan of 
great strength, and must propel the animal through the water swiftly. 
They mnst also be equally effective in the prevention of slipping. 

The fourth legs are much enlarged and so long that they reach well 
beyond the tips of the phimose setæ on the anal Jamine. The basal 
joint on each of them is as large as the entire free segment. They are 
armed, as in the femate. 

Total length 2.5 mm. Length of carapace 1.8 mm.:; width of same 
2 mm.; length of genital segment 0.35 mm.; length of the fourth legs 
1.5 mi. 

The National Museum collection includes a single lot of this inter- 
esting species; it is numbered W. 15, and was taken from the blue cod, 
Ophiodon clongatus, locality unknown. 

Its chief interest lies in the fact that it forms a connecting link 
between the subfamily Caligine, which is here treated, and that of the 
Kuryphorine, their nearest relatives. 

By reference to the key on page 522 it will be seen that the Caliginze 
are characterized by the entire absence of dorsal plates or appendages 
on the fourth segment of the thorax, with the exception of the fourth 
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legs. The Euryphorinæ, on the other hand, have a pair of plates 
on the dorsal surface of the fourth segment which usually overlap the 
genital segment. 

The present species has a pair of dorsal plates which start at the 
groove between the free and genital segments and, in the female, grow 
backward and forward until they fuse and cover both segments. In 
the male they cover only the genital segment. It would seem at first 
as if this new genus and species should be placed with the Euryphor- 
inæ by reason of these dorsal plates. But there are several good reasons 
for placing it here among the Caligine. 

First the growth and fusion of the dorsal plates is as unlike the con- 
dition which pertains in the Euryphorinw as it is unlike that in the 
Caligine. No genus in the former subfamily shows such a fusion of 
plates, nor do we find it until we come to the Pandarine. But in this 
latter subfamily the character of the appendages has changed materi- 
ally, and we no longer find anything there which resembles the Cali- 
gine. The fusion of the plates then is like iadarus, but the detail of 
the appendages is still like that of Culigus Lepeophtheirus in every 
particular. 

Again attention has been called in both sexes to the fact that the 
remains of a frontal filament can still be scen in the bottom of the inci- 
sion between the frontal plates. 

This shows conclusively that in its development this genus has : 
stage during which the young are fastened by a frontal filament, 
exactly like the ehalimus of the Caliginw. 

When we come to discuss the development of the Euryphorine we 
shall find that they possess no frontal filament but accomplish their 
attachment in an entirely different manner. 

The present genus, therefore, in the detail of its appendages and in 
the different stages of its development, is very pliinly one of the 
Caligine. Yet at the same time it possesses a pair of fused dorsal 
plates, which are developed in a manner similar to that of the Pan- 
darinæ. 

Hence it is to he classed with the Caliginæ, but regarded as exhibit- 
ing the first signs of that degeneration in structure and function so 
plainly shown in the Pandarinæ. 

In this first beginning the dorsal plates do not stiffen the body 
enough, nor is their weight suflicient, to retard the copepod's freedom 
of motion. If they should offer an impediment in this direction the 
increase in the size of the apron of the third legs, which is the chief 
organ of locomotion, would more than offset it. 

It is un extremely fortunate circumstance that this single lot of 
parasites Includes well-preserved adults of both sexes and the young 
in several stages of development, so that the foregoing points are 
clearly demonstrated. 
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EXPLANATION OF THE PLATES. 


Plate V, (Caligus rufimaeulatus, new species, Fig. 51, Dorsal view of female; fig. 52, 
Dorsal view of male; fig. 52, Dorsal view of a fully developed male 
ehalimus; fig. 54, First maxilla and second antenna of female; fig. 55, 
First maxilliped of female; fig. 56, Second maxilla of female; tig. 57, 
Second maxilliped of male; fig. 58, Second maxilliped of female; fig. 
59, Furca and first maxilla of male; fig. 60, Furca of female; figs. 
61-64, First, second, third, and fourth swimming legs of female. 

Plate VI. Caligus schistonya, new species. Fig. 65, Dorsal view of male; fig. 66, Dor- 
sal view of female; fig. 67, Second antenna of female; fig. 68, First 
maxilliped of female; fig. 69, First maxilla of male and female; fig. 
70, Second maxilliped of female; fig. 71, Second antenna of male; 
fig. 72, Second maxilla of female; fig. 73, Furen of female; fig. 74, First 
swimming leg of female; fig. 75, Tip of same enlarged to show the 
divided claws; figs. 76-78, Second, third, and fourth swimming legs 
of female. 

Plate VIL Caligus rapar Milne-Edwards. Fig. 79, Dorsal view of adult female; fig. 
80, Dorsal view of adult male; fig. 81, Dorsal view of young female, 
showing filth legs at the posterior corners of the genital segment; 
fig. 82, Second antenna of female; fig. 83, Second maxilla; fig. 84, 
Furca; figs. 85-88, First, second, third, and fourth swimming legs of 
female; fig. 59, Ventral surface of genital segment, showing the 
cement glands. 

Plate VIII. Caligus mutabilis, new species. Fig. 90, Dorsal view of female; fig. 91, 
Dorsat view of male; fig. 92, Second. antenna; figs. 93 and 94, First 
and second maxille; fig. 95, Furca; figs. 96 and 97, First and second 
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maxiHipeds; figs. 98, 100-102, First, second, third, and fourth swim- 
ming lege; fig. 99, One of the plumose set from the posterior 
border of the terminal joint of the first legs. AH the appendages are 
from the female. 

Plate IN. Caligus aliens, new species. Fig. 103, Dorsal view of female; fig. 104, 
Second antenna; fig. 105, Second maxilla; fig. 106, Furca; fig. 107, 
Second maxilliped; fig. 108, First swimming leg; fig. 109, Terminal 
claw of same enlarged to show its serrated border; figs. 110, 111, Third 
and fourth swimming legs. 

Plate X. Caligus curtus Miller. Fig. 112, Dorsal view of male; fig. 113, Dorsal view 
of female; fig. 114, Very young Chalimus, the third thorax segment 
not fully fused with the head; fig. 115, Fully developed male Chali- 
mus; lig. 116, First maxilliped; tig. 117, Second maxilliped; tig. 118, 
Furea; fig. 119, Second swimining leg; tig. 120, First swimming leg; 
fies, 121, 122, Third and fourth swimming legs; fig. 123, Second 
antenna of male; fig. 124, Second maxilliped of male. 

Plate XL Caligus chelifer, new species. Fig, 125, Dorsal view of female without egg 
strings; tig. 126, Dorsal view of female with egg strings, showing 
difference in shape of genital segment; fig. 127, Second antenna and 


first maxilla; fig. 128, Second. maxilla, showing rudimentary endo- 
pod; fig, 129, First A CIT tig. 130, Terminal claw, or chela, of 
second inaxilliped; fig. 131, Furca; fig. 132, First swimming leg; fig. 
133, Terminal joint of the same, MOTTO ig. 134, Fourth swim- 
ming leg. 

Plate NII. Caligus beloues Kroyer and Culigus latifrous, new species, Fig. 135, Culigus 
belones, dorsal view of female; tig. 136, Second antenna; fig. 187, 
First and second maxillis, and furca; figs 138 and 139, Third and 
fourth swimming legs; fig. 140, Caligus lulifrons, dorsal view of 
female; fig. 141, Second antenna; fig. 142, Second maxilla; fig. 148, 
Second maxilliped; fig. 144, Furca; fig. 145, First swimming leg; 
fig. 146, Terminal jomt of same enlarged; figs. 147-149, Second, third, 
and fourth swimming legs. 

Plate NIL. Caligus bonito, new species, and Caligus pelamydis Kroyer. Fig. 150, 
Caligus bonito, dorsal view of female with egg strings; fig. 151, dorsal 
view of female without egg strings, drawn by Richard Rathbun; fig. 

2, Dorsal view of male, drawn by Richard Rathbun; fig. 153, Pos- 
terior part of young female, showing the abdomen segments of about 
equal length; fig. 154, Caligus pelamydis, dorsal view of female; fig. 
155, Second anteuna; fig. 156, First and second maxilke; fig. 157, 
Second maxilliped; fig. 158, Furea; figs. 159-161, Second, third, and 
fourth swimming legs. 

Plate NIV, Caligus productus Dana and Caligus isonye Steenstrap and Lütken. Fig. 
161 a, First swimming leg of Caligus pelamydis; tig, 102, Caligus pro- 
ductus, dorsal view of female; fig. 163, Second antenna; fig. 164, 
Second maxilla; fig. 165, Furca; fig. 166, Second maxilliped; figs. 
167-170, First, second, third, and fourth swimming legs; fig. 171, 


Caligus isonyx, dorsal view of female, after Steenstrup and Lütken. 
Plate XV. North American Epemes of Caligus not in the National Museum collec- 
tion. Fig. 172, €. balistae, Steenstrup and Lütken, dorsal view of 
female; tig. 172, idem, Dorsal view of male; fig. 174, Furca; fig. 175, 
Second maxilliped; figs. 176, 177, Third and fourth swimming legs; 
fig. 178, C. thymni Dana, ventral view of male; fig. 179, Dorsal view 
of genital segment and abdomen of female; fig. 180, (5 hæmulonis 
Krüyer, dorsal view of female; fig. 181, idem, Dorsal view of male; 
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fig. 182, Furea; fig. 183, First swimming leg, showing absence of 
plnmose setze on the terminal joint; fig. 184, C. isomer, second maxilla; 
fig. 185, Furca; fig. 186, Fourth swimming leg. The figures on this 
plate are all taken from the respective authors named. 

Plate XVI. Caliyodes megacephalus, new species. Fig. 187, Dorsal view of female; 
fig. 188, Second antenna; fig. 180, Second maxilla; fig. 190, Accessory 
spine ou either side of the mouth tube; fig. 191, Furca; fig. 192, 
Second imaxilliped; figs. 193-195, First, second, and fourth swimming 
legs. 

Plate XVIL /Zehetus typicus Kroyer. Fig. 196, Dorsal view of female; fig. 107, Side 
view of same female; fig. 198, Second antenna; fig. 199, Month tube 
and sccond maxilla; fig. 200, First maxilliped; fig. 201, Second max- 
illiped; figs. 202-205, First, second, third, and fourth swimming legs. 

N 
view of female: fig. 207, Second antenna; fig. 208, Second maxilliped; 
yas ORE Bree ui 
212, L. thompsoni Baird, dorsal view of female; fig. 215, Second 
antenna; fig. 214, Purea; fig. 215, Second maxilla; fig. 216, Second 


Plate XVIII. Lepeophtheirus: Fig. 206, Lepeophtheirus Jongipes, new species, dorsal 
m. 


gs. 210, 211, First and second swimming legs; fig. 


maxilliped; figs. 217-219, First, second, and fourth swimming legs. 
Vig. 220, L. innominatus, new species, second maxilla; fig. 221, Furca. 
These two figures are under the same magnification. as figs. 214 and 


215. Vig, 2 


| L, longipes, second maxilla. 

Plate NEIN. Lepeophtheirus nordmannii Milne-Edwards. Fig. 223, Dorsal view of 
female, drawn by Emerton; fig. 224, Dorsal view of male; tig. 225, 
Second antenna; fig. 226, First maxilla; fig. 227, Second maxilla; 
fg. 228, Second maxilliped; fig. 229, Furea; figs. 250-233, First, 
second, third, and fourth swimming legs. 

Plate NX. Lepeopltheirus hippoglossi Kröyer. Fig. 234, Dorsal view of female; fig. 

5, Dorsal view of male; fig. 236, Second antenna; fig. 237, Second 

maxilla; fig. 258, Second maxilliped; fig. 239, Furea; figs. 240-243, 
First, second, third, and fourth swimini 

Plate XXL. Lepeophtheirus edwardsi, new species. Fig. 244, Dorsal view of female; 
fig. 245, Dorsal view of male; fig. 246, Second antenna of female; fig. 
247, Terminal claw of second antenna of male; fig. 248, Second maxilla 
of female; fig. 249, Second maxilla of male with accessory chitin 
ridge; fig. 250, Furca; fig. 251, Second nmaxilliped of female; figs. 
252-255, First, second, third, and fourth swimming less; fig. 250, 
Ventral view of genital segment of female, showing ec. y. cement gland; 


a 


ng legs. 


o. oviduct; s spermatophores; s r. semen receptacles; ra. vagina; 
fig. 257, Newly hatched nauplius, the pigment spots a deep yellowish 
purple. 

Plate XXII. Lepeophtheirus. Fig. 258, L. edwardsi, dorsal view of chalimus, half 
developed; fig. 259, L. dissinulatus, new species, dorsal view of male; 
fig. 260, Dorsal view of female; fig. 261, Second antenna of female; fig. 
262, Second antenna of male, showing branches; fig. 263, First maxilla; 
fig. 264, Second maxilla of Galapagos specimen; fig. 265, The same, 
Bermuda specimen; fig. 266, Forca of Galapagos specimen; fig. 267, 
The same, Bermuda specimen; fig. 268, Second maxilliped; fies. 269- 

73, Ventral 


272, First, second, third, and fourth swinining legs; fig- 


27 


view of genital segment and abdomen of Beriunda specimen; fig. 27 
The suae, Galapagos specimen. 

Plate XXIII. Lepeophtheirus parriventris, new species, and L. bifurcatus, new species, 
Fig. 275, L. pareiventris, dorsal view of female; fig. 276, Dorsal view 
of male; fig, 277, Second antenna, with accessory spine; fig. 278, 
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SU weii fie Sao O e “280, Moat maxilliped; figs 


gs. 
281-284, First, second, third, and fourth swimming legs; fig. 285, 
L. bifurcatus, dorsal view of female; fig. 286, Second antenna with 


accessory spine; fig. 287, First wc p 288, Second maxilla; fig. 
280, Second maxilliped; fig. 290, Furca; figs, 201—293, First, second, 
and fourth swimming legs, with one of fie toothed and ribbed plates 
at the base of the spines on the fourth lees. 

Lepeophtheirus sulinonis Kroyer. Fig. 294, Dorsal view of female; fig. 
295, Dorsal view of male; lig. 296, Second antenna; fig. 297, First 
maxilla; fig. 298, Furea; fig. 299, Second maxilliped; fig. 300, First 
maxilliped; figs. 301-303, First, second, and fourth swimming legs. 


Lepeoptheivus and Anuretes. Fig. 304, L. pacifieus Gissler, dorsal view 


of female; fig. 305, Abdomen of the same after treatment with acetic 
acid; fig. 300, Second antenna; fig. 307, Second maxilla; fig. 308, 
Second inaxilliped; tig. 309, Mandible; fig. 310, Fourth swimming leg. 
All the figures after Gissler, Fig. 311, L. cossyphi Kroyer, genital seg- 
ment and abdomen of female; fig. 312, Fourth swimming leg; fig. 
Third swimming leg. AH the figures from Króyer, and the 
only ones ever published. Fig. 51H, L. robustus Kroyer, first swim- 
Both figures from Kroyer, and the 
only ones ever published. Fig. 516, Anuredes heckelii Ixroóyer, ventral 
view of female; fig. 317, Second antenna; fig. 318, Second maxilla, 
fig, 319, Second maxilliped; fig. 320, Furca; fig. 321, Fourth swim- 
ming leg. All the figures from Kroyer. 
Caligus teres, new species. Fig. 322, Dorsal view of female; fig. 323, 
Dorsal view of male; fig. 324, Second antenna and first maxilla; fig. 
, Second maxilla; figs. 526, 327, First and second maxillipeds; 
fig. 328, Furea; figs. 329—332, First, second, third, and fourth 
swimming legs. 


ming leg of male; fig. 315, Furca. 


000 Dn 


Caligus eeutrodouti Baird, Fig. 333, Dorsal view of female; fig. 354, 
Dorsal view of male; fig. 335, Second antenna; fig, 336, First max- 
illa; fig. 337, Second maxilla and mouth tube; fig. 338, Furca; lig. 
339, Second inaxilliped; figs. 340—343, First, second, third, and 
fourth swimming legs; fig. 544, Genital segment and abdomen of 
male, ventral view. 
Lepeophtheirus innominatus, new species, and L. chilensis, new species. 
Fig. 845, L. innominatus, dorsal view of female; fig. 346, Second 
maxilla; fig. 347, Second antenna; fig. 348, Second imanxilliped; figs, 
2, First, second, third, and fourth swimming legs; fig. 355, 
L. chilensis, dorsal view of female; fig. 354, Dorsal view of male; fig. 
Second antenna; fig. 356, First maxilla; fig 7, Second max- 
ila; lig. 358, Furca; fig. 359, Second maxilliped; figs. 360-363, First, 
second, third, and Sanik swimming legs; fig. 364, Dorsal view of 
genital segment and abdomen of a young female, showing filth legs. 
Homoiotes palliata, new genus and new species. Fig. 365, Dorsal view 
of female; fig. 366, Dorsal view of male; fig. 367, Second antenna, 
fig. 369, Mandible; figs. 370, 371, First and second maxiliüpeds; 
fig. 372, Furea; figs, 373-376, First, second, third, and fourth swim- 
ming legs; fig. 877, Dorsal view of genital segment and abdomen of 
male, showing dorsal plate grown down over the fifth and sixth legs; 
fig. 375, Dorsal view of genital segment of young femaie, showing 
that the dorsal plate is really made up of two plates which start on 
either side at the base of the segment and afterwards fuse along the 
inid-line; fig, 379, Ventral view of genital segment of male, showing 
the fifth and sixth legs. 


